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PREFACE

This is the final report and the second of two volumes of

documentation of work completed by Woodward-Clyde Consultants

for the National Oceanic and Atmospheric Administration (NOAA)

under Contract NA-80-RAC-000-91. The first volume is a user
manual. The computer programs described in the manual incor-

porate a semi-Markov model of large earthquake occurrence in

the calculation of seismic exposure.

This volume documents initial application of the software

package to the Gulf of Alaska study region. Figure O shows
the study region for which seismic exposure calculations were

made. Seismic inputs were developed by personnel of the

Seismological Research Unit (SRU) of the Alaska Geophysical

Institute; the Lament Dougherty Geophysical Institute; the

University of Texas at Galveston; and the United States
Geological Survey (USGS) at Menlo Park and Denver.

The seismic exposure maps are for maximum horizontal

acceleration, maximum velocity, and pseudo-relative velocity

at 5% damping and a period of 0.8 seconds. Contours have been
mapped for each ground-motion parameter that has a 33% level

of exceedance or an equivalent 100-year return period in a 40-

year future time period of interest.

Copies of the project documentation can be obtained from:

Dr. Peter W. S10ss

NOAA/NGSDC D621

325 Broadway

Boulder, Colorado 80303

(303) 497-6521
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DEVELOPMENT

FOR

1.0 INTRODUCTION

VOLUME II

AND INITIAL APPLICATION OF SOFTWARE

SEISMIC EXPOSURE EVALUATION

This report presents the scope of activities and the

methodology used by Woodward-Clyde Consultants (WCC) in the

initial application of the seismic exposure software developed

under NOAA Contract NA-80-RAC-OOO-91. The components of the

software package computer program are shown schematically in

Figure 1 and are collectively referred to as the

SEISMIC.EXPOSURE software package. It consists of a main

program called SEISMIC.EXPOSURE and three other programs:

MARKOV, CONST.PROB, and PLOT.ISO. When the programs are used

in conjunction with one another, they can generate seismic
exposure maps for any tectonic environment.

The MARKOV program represents a new approach to characterizing

the occurrence of large and great earthquakes by using a semi-

MARKOV model. This model has a temporal and spatial memory of

historical seismic activity that is used in modeling the

probability of occurrence for projected future seismicity in

subduction zone environments.

Two workshops were held in San Francisco by WCC for the

Seismological Research Unit (SRU) participants. The purpose

of the workshops was to review and evaluate the
SEISMIC.EXPOSURE software as it was being developed and to

develop initial application inputs. These inputs of source

geometry and source seismicity for the Gulf of Alaska region

were checked for consistency and

implemented into computer code.

trial map for the Gulf of Alaska

accuracy before being

Review comments on the first

were solicited from NOAA and

1
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from selected representatives of the SRU participants. An

independent review board of consultants provided review and

comment on the software development activities. Three seismic

exposure maps were produced using the SRU inputs. The ground-
motion parameters mapped are maximum horizontal acceleration,

maximum velocity, and pseudo-relative velocity at 5% damping

and 0.8 second period.

This report is organized into six sections. The following
five sections provide a discussion of the methodology, data

inputs, results, summary and conclusions, and suggestions for

applications of the project results. When read in conjunction
with Volume 1, this report provides a complete description of

the computer algorithms used, the mathematical theory, and the

application of the software package to seismic exposure

evaluation.

2.0 METHODOLOGY

The software presented here was developed in compliance with:

a) the scope of work proposed to NOAA; b) the recommendations

from SRU participants during the two NOAA workshops in San

Francisco; and c) the recommendations from the review board of

consultants. In the first workshop, software developments to

that date were discussed, and SRU participants were oriented

to the inputs and the proposed algorithm software package.

After the workshop, participants were sent copies of first

drafts of the user manuals and of the suggested seismic inputs

for their review and comment.

The second workshop was held so SRU participants could

generate inputs for source geometry and source seismicity for

the first application of the software package to the Gulf of

Alaska data. Editorial changes for the two draft user manuals

2



were discussed with the participants, and two modifications

were suggested for the SEISMIC.EXPOSURE program.

The inputs were checked for consistency, and modifications

were made as required. A trial map for maximum horizontal

acceleration was generated from these inputs. The seismic

exposure map for 100-year-return-per iod accelerations in the

Gulf of Alaska for a period of interest of 40 years was sent

to NOAA and to several SRU participants for their review and

comment. These comments were reviewed and discussed before

implementation and before the seismic exposure maps and the

user manual for the SEISMIC.EXPOSURE software package were

generated.

3.0 DATA INPUT

3.1 Assessments of Inputs for the SEISMIC.EXPOSURE  Proqram

The assessments of source geometry, source seismicity, fault-

length/magnitude relationships, and attenuation relationships

used in the initial application of the software were based on

results obtained from the research efforts of the SRU

participants. These inputs are summarized in the figures,

tables, and appendices in this volume, and are discussed in

the following four sections.

3.1.1 Earthquake Source Geometry

The SRU participants divided the earthquake sources into four

categories which are shown in the two maps in Figures 2 and 3.

Sources along the subduction zone were typically described as

being double dipping, from a 6-km to 40-km depth in the

offshore area of the Alaska

km depth in the vicinity of

Peninsula, then dipping to a 125-

the volcano line of the Aleutian

3
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Peninsula (see Figure 2). This configuration was chosen on

the basis of work done by personnel of the University of

Alaska Geophysical Institute (AGI) in the Kenai Peninsula

area, and by personnel from the Lamont Geophysical Observatory

of Columbia University in the Shumagin Islands region of the

Alaska Peninsula. In the Yakutat-Yakataga area, personnel of

the USGS provided knowledgeable guidance in establishing the

configuration of earthquake sources in that region. Here the
subduction zone was as shallow as 6 km, dipping first to 1S km

and then to 40 km farther inland.

Normal faults, offshore faults, and the deformed zone were

given orientations and spatial extents based upon adjustments

to the OASES (1978) results. Random sources were selected to

underlie the entire area of earthquake sources at a shallow

depth in order to account for a background seismicity level

not correlated with mapped geologic features. These sources

are shown in Figure 3.

Earthquake source geometries for most onshore faulting have

not been included in the analysis. The SRU participants felt
that, for a regional seismic exposure application, these

sources would not provide significant ground motions when

compared to the selected earthquake sources. The only
exceptions were the faults associated with the Fairweather-

Denali fault system. Following the workshops, limitations in

the program’s ability to handle certain geometries were

discovered (see Volume I). Slight modifications in some of
the source geometries were necessary. The original source

shapes were

permitted.

Appendix A.

approximated as closely as the restrictions

Source geometry information is summarized in

Maximum earthquakes were estimated by the

the basis of the following: the Mw scale

SRU participants on

(Hanks and Kanamori,
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1979; Kanamori, 1977), Wyss (1979), and the professional

judgments of the SRTJ participants based on their knowledge and

experience. These values are also presented in Tables A-7

through A-9.

3.1.2 Earthquake Recurrence

Assessments were made in two steps. First, earthquake

recurrence estimates were established on sources for the

magnitude range Ms 5.0 to 7.80 These assessments were estab-

lished by use of adjustments to Gutenberg and Richter (1956)

type magnitude-frequency relations. The magnitude-frequency

relationships constituted a guide from which judgments were

made by SRU participants about the modifications required for

each distribution on the basis of their data and experience

with the seismicity and tectonics in the respective

geographical areas. These adjustments were subjective and

were made after comparing and contrasting the levels of

activity of local and regional earthquake sources in Alaska.

These estimates were checked by WCC personnel for consistency

between regional seismicity levels. A summary of the SRU

participant consensus on estimates of earthquake recurrence is

shown in Table A-4. The magnitude-frequency relationships

estimated from these recurrence characteristics are provided

in Appendix A as Figures A-1 through A-9. The magnitude-

frequency curves were broken into ~ 0.5 magnitude increments.

The number of earthquakes in each magnitude increment was

calculated for a period for which the historical earthquake

data were assumed to be complete (75 years). The resulting

magnitude distributions for each earthquake source were

entered into the SEISMIC.EXPOSURE program with the appropriate
source geometries and are shown in Table A-5.

5



Step 2 consisted of estimating the recurrence for earthquakes

greater than MS 7.8 occurring in a seismic gap along the
subduction zone in the Gulf of Alaska. A new feature of this
software package is that these estimates can be made on the

basis of a semi-Markov modeling of the seismic gap seismicity

environment. A detailed discussion of the assessment process

for these inputs is given in Section 3.2 of this report.

Details of the semi-Markov mathematical theory and program can

be obtained by referring to Volume I, Sections 4 and B.2. The
recurrence information (probabilities of occurrence) for seis-

mic gaps (for earthquakes of magnitude greater than Ms 7.55)

required by the SEISMIC.EXPOSURE program was generated by

first executing the MARKOV program for appropriate semi-Markov

inputs.

3.1.3 Fault Rupture-Length/Magnitude Relationship

Because of the occurrence of large earthquakes in the Gulf of

Alaska region, it was suggested by the SRU participants that a

fault rupture-length/magnitude relationship should be used

which reflected the characteristics of earthquakes with large

rupture areas. The relationship that was chosen is based upon

the Wyss (1979) relationship between earthquake magnitude and

fault-rupture area. There is an implicit assumption that

fault down-dip width of rupture along the subduction zone has

a maximum of about 200 km while the length of the rupture can

be 1,100 km. The relationship used is shown below:

Ms = log A + 4.15

where A is the area of the fault rupture plane in (km2).

For the purpose of determining the rupture dimensions for a

given magnitude, Ms was assumed to be equivalent to Mw.

Figure 4 shows a listing of earthquake magnitude, source area,

6



MS = log A + 4.15
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Fig. 4- Approximate Fault Rupture Length Magnitude Relationship
Based on Wyss (1979).



length of rupture, down-dip rupture width, and the relation

between the rupture width and length for which the tabulated

values were estimated. Complications arose when several of

the faults were assigned earthquakes with rupture dimensions

that were too large to fit on the fault surtace. Therefore,

it was necessary to scale down the rupture length and widths

for magnitudes > 8.0. (Test runs were made comparing the—
results of reduced rupture size against lower magnitude

cutofts on the smaller faults. Reauction of the rupture size

proved to be the more conservative option). The rupture

dimensions used are shown in Appendix A, Table A-3.

3.1.4 Attenuation Relationships

The consensus of the SRIJ participants was that subduction zone

earthquakes have source-site paths that are different from,

crustal earthquakes. Although the affect on maximum ground-

motion values can also in part or entirely be explained by

source effects, it was felt that data were insufficient for

the Alaska subduction zone environment to attribute the

attenuation differences to specific source effects; hence, the

observational differences in source-path effects were kept in

the analysis. Consequently, the participants felt that the

attenuation relationships (WCC, 1978) for transmission for

Source Type A and transmission for Source Type B, valid for

distances of less than 20 km and greater than or equal to

20 km, respectively, were an appropriate start for selecting

modified relationships for this stuay. The revised relation-

ships are valid for Benioff zone sources as shallow as 6 km in

depth (closest distance to a site), and these relationships

would not have a discontinuity at 20 km in depth. Because the
non-subduction zone sources were less than 6 km in depth, the

relationships for ground-motion parameters with Source Type A

curves did not change. On the other hand, the Source Type B
curve for maximum acceleration was modified since it changed

7



more dramatically as a function of distance than the other

parameters (e.g., displacement and pseudo-relative velocity).

The attenuation relationship for maximum acceleration for

Source Type A, stiff sites, is summarized below:

Amax (median) = 191 exp (0.823 Ms*) x (R+C)-1”56

in which Amax is the maximum  a c c e l e r a t i o n  (in cm/sec2) , R is

the closest distance to rupture surface (in km), and C is the

distance-normalizing parameter which is magnitude-dependent,

as follows:

c= 0.864 exp (0.463 Ms)

The plot of median attenuation relationships for Source

Type A, stiff sites, is presented in Figure 5.

The attenuation relationships for Source Type B for OASES

(1978) were developed by regression of applicable data

predominantly clustered in the distance range 60 to 150 km.

In the OASES study, a reasonable fit to the data was obtained

by conducting regression analyses with pre-selected  slope

coefficients. The slope coefficient which was finally

selected for maximum acceleration was -1.05. The resulting
attenuation relationship** was considered to provide

reasonable estimates of peak acceleration for transmission

Source Type B for distances greater than 20 km.

For the present study, the Source Type B relationships are

required by the SRU participants to be applicable to distances

as close as 6 km. Due to this condition imposed by the SRU

* or Mw** Amax (median) = 284 exp (0.587 Ms) x (R+C)-1*05

8
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participants, reasonable extrapolations to such close

distances were permitted by modifying the Source Ty~e B

attenuation relationship for maximum acceleration. The

revised relationship is as follows:

%ax (median) = 210 exp (0.5 Ms) x (R+C)-0”85

The plot of the selected relationship is shown in Figure 6.

Comparisons of attenuation relationships for transmission for

Source Types A and B are shown in Figures 7 and 8 for

magnitudes 6.5 and 7.5, respectively. The following are two

major constraints which were taken into consideration while

deriving the revised relationships in this study for

transmission Path B:

(1) In the distance range where the Source Type B data are

predominantly clustered (6@ to 150 km), the revised

attenuation relationship predicts essentially the same

maximum a c c e l e r a t i o n s  a s  t h e  relationshl~ for Source

Ty&e B given in the WCC (1978) report.

(2) The various coefficients for the revised relationshi~  for
Source Type B were selected such that at exceptionally

close distances, the predicted accelerations are essen-

tially the same as those predicted for the Source Type A

relationship, as can be readily seen in Figures 7 and 8.

Consequently, at distances smaller than about 40 km, and

particularly at distances closer than 20 km, the revised

relationship predicts significantly lower maximum

accelerations than the WCC (1978) Source Type B

relationship.

The Source Type A and the selected Source Type B attenuation

relationships were used for maximum horizontal acceleration in

9
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the generation of the seismic exposure maps in Section 4.

Parameters for other ground-motion variables for the remaining

seismic exposure maps were taken from the WCC (1978) result;

the parameters are given in Table 10.

3.2 Assessment of Inputs for the MARKOV Program

The assessment of inputs for the semi-Markov model in the

program MARKoV was completed in the following steps:

1. Selecting zones for applying the semi-Markov model.

2. Defining states and unit time.

3 . Assessing transition probabilities, P. .
1]

4. Assessing probability distributions of holding times,

tij(lll).

5 . Compiling available historical seismicity data for each of

the selected zones.

6. Defining initial seismicity conditions for each zone.

A detailed discussion is given in Appendix C of how subjective

probability analysis techniques are used in making the

Bayesian analysis in the semi-Markov modeling. These

assessments were made during group meetings hela as part of

the second SRU workshop in which expert geologists and

seismologists from the various research units participated.

The values reported in this section reflect the group

consensus values used by WCC in producing the initial

application seismic exposure maps.

3.2.1 Selection of Zones for Applying the Semi-Markov Model

Zones were selected primarily on the basis of their

correspondence to recognized seismic gaps, each of which have

been historically observed to rupture about the areas

selected. The selected zones were (see Figure 9):

10
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Yakutat Block

Yakata&a Gap

PCK Gap (consisting of three sections: Prince William

Sound, Cook Inlet, and Kodiak)

Semidi Gap (1938 earthquake rupture zone)

Shumagin Gap

3.2.2 Definition of States and Unit Time

The discrete magnitude states were defined in terms of the

100-seconci surface magnitude or M~ (Kanamori, 1977; Hanks and

Kanamori, 1979). This measure of the size of large and great

earthquakes does not saturate as Ms does at magnitude 8 Ms

levels and greater. Hence, whenever available, Mw magnitudes

were used in the magnitude specifications for historical

seismicity  greater than or equal to MS 7.55. These states are

defined in Table 1.

A unit time interval of five years was considered reasonable

by judging that the likelihood was negligible for more than

one large earthquake (M s ~ 7.8) to occur within five years in

any one zone over the next 40 years.

3.2.3 Assessment of Transition Probabilities, p. .
1]

A transition probability pij is the likelihood that the state

of the next large earthquake will be j, given an earthquake in

state i at the present time. To obtain p. .,
11

a continuous pro-

bability distribution on Mi was assessed. By discretizing the

continuous distribution into intervals defined by the states,

one can calculate p. . .1] This calculation is performed within

the computer program MARKOV. The necessary inputs to MARKOV

include the four fractiles (0.25, 0.50, 0.75, and 1.0) Of Mi

for each i.

11



TABLE 1
DISCRETE STATES FOR THE SEMI-MARKOV MODEL

State Index Magnitude Range (M= or Mw) Representative Value

1 7.8 - 8.29 8.05

2 8.3 - 8.79 8.55

3 8.8 - 9.29 9.05



TABLE 2
FRACTILES OF M1 (MS or Mw)

Reference Case - The same fractiles for all zones.

0.25 0.50 0.75 1.0
State Index, i Fractile Fractile Fractile Fractile

1, 2, or 3 8 . 3 8 . 5 8 . 7 9 . 3

Parametric Case - Different fractiles for the following zones

might be used.

State 0 . 2 5 0.50 0.75 l.O
Zone Index, i Fractile Fractile Fractile Fractile

PW or 1, 2, or 3 8.4 8 . 7 9.0 9 . 3
CI

Yakataga 1, 2, or 3 8.1 8.3 8.5 9.3
Gap



The fractiles of Mi were subjectively assessed using the

procedures described in the Volume I user manual. The same

fractiles were judged to be applicable to all zones. Table 2

shows the assessed fractiles.

As indicated in this table, the fractiles of Mi were judged to
be independent of i; that is, the likelihood that the next

large earthquake will be of a particular magnitude is the same

regardless of the magnitude of the last large earthquake. One

of the experts, however, considered it appropriate to vary

transition probabilities for some of the zones. His assess-
ments are also shown in Table 2 and can be used in parametric

analysis.

3.2.4 Assessment of Probability Distributions of Holding

Times, tij  (m)

The program MARKOV requires the four fractiles of tij (m)

(0.25, 0.50, 0.75, and 1.0) for each i and j within each

zone. The assessment of these fractiles closely follows the

procedure described in Appendix C.

Experts generally agreed that the holding time between

successive earthquakes of magnitude Mi and Mj was much more
dependent on M.~ (the magnitude of the last large earthquake)
than on Mj (magnitude of the next large earthquake). This

judgment was primarily based on the seismicity model proposed

by Ando (1975) with which the experts were in agreement.

Because the experts felt more confident about providing

subjective judgments for Shumagin Gap, the distribution of

holding times was first assessed for this area. Distributions

of holding times for other zones were assessed relative to the

distribution assessed for Shumagin Gap. In fact, it was

12



considered reasonable to represent the holding times for a

zone by applying a simple shift factor to the corresponding

holding times for Shumagin Gap. Following the model by Sykes

and Quittmeyer (1980) , the shift factor for a zone was assumed

to be the ratio of width of a zone to the width of Shumagin

Gap (see Figure 2).

Table 3 shows the fractiles of tij (m) for the Shumagin Gap

(Part 1); Table 4 shows the shift factors for other zones.

The tij (m)’s for the other zones are presented in Appendix B.

3.2.5 Compilation of Historical Seismicity Data

The dates and magnitudes of large earthquakes that occurred in

the Gulf of Alaska region were tabulated by using available

records of historical seismicity, as shown in Table 5. The

information in Table 5 was further analyzed to obtain all the

instances in which an earthquake of magnitude M j followed an

earthquake of magnitude Mi in each of the defined zones. The

data on transitions of earthquake magnitudes for each zone are

shown in Table 6, while the data on holding times between Mi
and Mj are summarized in Table 7.

3.2.6 Definition of Initial Seismicity Conditions of Each

Zone

The magnitude of the last large earthquake (Mo) in a zone and

the time elapsed since its occurrence (to) define the initial
seismicity conditions of the zone. The data in Table 5 were

used to estimate M. and to for each of the selected zones.
Table 8 summarizes these initial conditions for several zones

in addition to those five zones used in the analysis. The

date of the last large earthquake occurring in the Yakutat

Block and Shumagin Gap area is not precisely known. The
parameter ‘ion was estimated to be anywhere between 200 to

13



’11

t~z

t13

t21

’22
tzs

’31
t32

’33

TABLE 3
DISTRIBUTION OF HOLDING TIMES FOR SHUMAGIN GAP

Holdinq Time (Years)

0 . 2 5
Fractile

50
55

60

80

87
94

110
120

130

0.50
Fractile

75
80

85

115

125
135

150
160

170

0 . 7 5
Fractile

100
110

120

155

165
175

180
200

220

1.0
Fractile

280

300

320

410

440
470

480
500
520



TABLE 4
SHIFT FACTORS FOR HOLDING TIMES OF GIVEN ZONES

Reference Zone: Shumagin Gap

Zone

Yakataga Gap

Yakutat Block

PCK Gap

Pw Segment 1

CI Segment 2

K Segment 3

Semidi Gap (1938)

Shift Factor

0.37

0.75

1 . 1 5

1 . 4 3

1 . 7 5

1 . 1 5



1 7 8 8 ,

1 7 8 8 ,

1844,

1847,

1 8 4 8 ,

1 8 8 0 ,

1 8 9 9 ,

1 8 9 9 ,

1 8 9 9 ,

1 8 9 9 ,

1 9 0 0 ,

Date

July 22

August 7

Apr il 20

April 16

June 30

September 28

July 14

September 4

September 10

September 10

October 9

1902, January 1

reports(g) .

1903, June 2

1938, November 10

1946, April 1

TABLE 5

LIST OF ALASKA EARTHQUAKES SINCE 1788
WITHIN THE GULF OF ALASKA REGION

LON,W(b)

161.5 - 152.5(2)

163.0 - 160.5(b)

154.5

160.5 - 156.5(2)

156.5

156.5

166.5 - 160.0

145.5 - 142(d,e)

142 ~ 3(g)

142 - 138(d~e)

153(d,e)

165 +. g(g)—

156(9) + ?—

159 - 156(k)

1 6 4 . 5  - O  1 6 2 ( k )

%

(9.0) (c)

800 (C)

7.8

8.5

7.8

+7.8

(7.8)

8.2(f)

(7.8)
8.2(f)

8.l(f)

(7.8)

8.3(h)

8.2

7.8

State

3

1

1

2

1

1

1

1

1

1

1

1

(2) (i)

1

1

Participating Source
Reg ions

SHU 100%; SEM 100%;
PCK.1 100%

‘N1 ast
48%

5 0 %; ‘Huwest

PCK.1

SHU st 50%; SEMwe~t
86$

SEM

SEM

SHU or SEM (UNI or
UNA )

YAKG 50%; PCK.3 50%

YAKG ?

YAKG 50%; YAKT 50%

PCK.1 100%

UNA ?

(SEM and/or PCK.l) (i)

SEM 100%

UNI 100%

Intensities drop
below VIII to
east, no reports
to west.

No felt

Not shallow, prob-
ably intermediate
depth(g~= felt at
Valdez(3~.



TABLE 5 (continued)

Date LON,W(b)

1957, March 9 180 - 167 or 164.5

1958, JUIY  9 140 -  1 3 7
1964, March 27 152 - 146.5

and

1972, July 30 137 - 135

Footnotes:

Participating Source

% State Reg ions

9.1 (3) (1) (UNA 100%) Probably did not
rupture UNA

8.2 1 FAIR Consider removing
9.2 3 PCK.1,2,3 from list purposes

Of computing Pij

lir~~~.areal

(7.8) 1 SIT

(a)

(b)

(c)

(d)

(e)

(f)

(9)

(h)

(i)

(j)

(k)

(1)

Defined for sources normal to lines defined by the following modes: 74, 75, 80, 85, 86, 90, 95,
93, and 99, 98, 103.

Estimate based on felt reports.

() consensus of operators; estimate by LDGO-group.

With respect to segment 99-98-103.

Limit of 1~~ VIII; approximately the rupture zone.

Thatcher and Plafker (1977).

Gutenburg (1956), instrumental epicenter, not based on felt reports.

Richter (1958), p. 714.

Only if shallow, which it probably is not. Suggest removing from list.

Tarr and Martin (1912).

Sykes (1971), aftershock area.

House (1981) , probably did not rupture Unalaska zone, recommend removal from list.



TABLE 6
DATA ON TRANSITIONS OF LARGE EARTHQUAKE MAGNITUDES

FOR THE STUDY AREA

Magnitude of Last Large Magnitude of Following Large
Earthquake Earthquake

7.8 - 8.29 7.8, 7.9, 8.2, 7.8, 9.2, 8.1

8.3 - 8.79 8.4, 8.3, 9.1, 8.4

8.8 - 9.29 8.2, 8.7



TABLE 7
DATA ON HOLDING TIMES BETWEEN OCCURRENCES OF

LARGE EARTHQUAKES IN THE STUDY AREA

Magnitude of Last Magnitude of Following Holding Time
Larqe Earthquake Larqe Earthquake (Years)

7.8 - 8.29 7.8 - 8.29 2,3,1,1

8.3 - 8.79 31
8.8 - 9.29 6

8.3 - 8.79

8.8 - 9.29

7.8 - 8.29 1,1

8.3 - 8.79 1

8.8 - 9.29 19

7.8 - 8.29 1,1

8.3 - 8.79

8.8 - 9.29



TABLE 8

INITIAL CONDITIONS FOR THE SEISMOGENIC REGIONS OF THE GULF OF ALASKA
PARTIAL INPUT FOR THE MARKOV PROGRAM

Ranqe
Name Cod e

Range
Longitude(W)

167.0-164.5

Magnitude Elapsed Time
Date i— (Years to 1 July 1981)

Unalaska* UNA
or
or
or

1957, March 9
1902, January 1
1899, July 14
% 1845

(M)
(7.8)
(9.0)

3
1

(:)

24.31
79.50*
81.96

~136. *

Unimak* UN I 164.5-161.9

161.9-158.9

1946, April 1 (7.8) 1 35.25

Shumagin SHU
or
or

1903, June 2
1899, July 14
1847, April 16

(?::)
(8.5)

2
1

(2)

78.08
81.96*

134.21*

Semidi S EM 158.9-155.8

155.8-152.1

152.1-150.1

150.1-146.5

144.4-139.8

139.8-136.0

140 -147

137 -135

1938, November 10

1964, March 27

1964, March 27

8.2 1 42.64

Kodiak PCK-1

Cook Inlet PCK-2

9.2 3 1 7 . 2 6

9.2 3 1 7 . 2 6

Prince William PCK-3
Sound

1964, March 27 9.2 3 1 7 . 2 6

Yakataga YAG 1899, September 4, 10

% 1850

1958, July 9

1972, July 30

8 . 3

( 8 . 0 )

8 . 2

( 7 . 8 )

1

1

1

1

8 1 . 8 1

131

2 2 . 9 8

8 . 9 2

Y a k u t a t YAT

Fairweather FAIR

Sitka* SIT

* These zones were not used in the initial seismic exposure application.

i

___
.—

..——=



TABLE 9

Source I.D.

Shumagin Gap

Semidi

PCK Segment 1

PCK Segment 2

PCK Segment 3

Yakataga Gap

Yakutat Block

EXPECTED NUMBER OF EVENTS FROM THE SEMI-MARKOV MODEL

Total Expected
Expected Number of Events of Given Magnitude Number of Events for the

E Rmo Given Source

Ml = 8.05 Mq = 8?55 M2 = 
9.05 E R

0.196 0.084 0.024 0.304

0.287 0.126 0.032 0.445

0.10 0.035 0.008 0.143

0.091 0.022 0.005 0.118

0.084 0.015 0.004 0.103

0.14 0.157 0.058 0.355

0.014 0.018 0.003 0.035

Total number of expected events from all sources = 1.5



Woodward=Clyde Consultants

ERRATA

DEVELOPMENT AND INITIAL APPLICATION OF SOFTWARE FOR SEISMIC EXPOSURE EVALUATION

VOLUME II: SEISMIC EXPOSURE SOFTWARE APPLICATION

In Figure O the area of initial application of the software package is inaccurate.
Exact locations of the seismic sources are shown in Figures 2 and 3. The area
for which ground motion values were computed is shown in Figures 10, 11 and 12.

p. 5 “Tables A-7 through A-9” should be “Table A-4”

p. 11 “Yakutat  Block” should be “Yakutat  Gap”



1,500 years for the Yakutat Block and to be 80 to 133 years

for the Shumagin Gap. In both cases, the expected value of to

was used in the analysis. The result of varying to from its

expected value may be examined in sensitivity analyses.

It should be noted that, since a discrete-state and discrete-

time model is used, it is important only to know to which

interval of magnitude (or time) the last earthquake belonged.

Changes in M. (or to) that do not change the interval have no

effect on the results.

3.2.7 Comments on Assessment of Subjective Data

The SRU participants in the group assessment meetings believed

that the subjectively assessed data could vary significantly,

depending upon which experts were interviewed. The variations

in the assessed values of earthquake magnitude can be & 0.3

units, and those in the assessed holding times can vary by a

factor of 2 (i.e., multiplied or divided by 2). A reasonable

way to investigate such variation is through sensitivity

analysis. It should be noted that, as the amount of objective

data (historical seismicity data) increases, the influence of

the subjective opinions on the final results decreases. Thus ,
the question of which expert judgment to use in the analysis

may not be important when such judgments are combined with a

significant amount of objective data.

3.3 Summary of Data Inputs

Seismic exposure inputs for the MARKOV program, as developed

during the SRU participant’s workshop, were checked and imple-

mented. The program was executed and the output was used as a

part of the input to the SEISMIC.EXPOSURE program. Because of

geometry considerations, the Shumagin Gap was subdivided into

14



three zones in the semi -Markov analysis. The output from the

SEISMIC.EXPOSURE program consisted of probabilities of

occurrence of various numbers of earthquakes occurring in

states 1, 2 or 3 for each of the defined zones of the

subduction zone bordering the Gulf of Alaska. The input data

for the MARKOV program and the program output is shown in

Tables B-l through B–5 and Figure R–1 of Appendix B. This

program output was then used as a part of the input data to

the SFISMIC.EXPOSURE program.

4.0 INITIAL APPLICATION RESULTS--KEY FEATURES

The SEISMIC.EXPUSURE program generated probabilities of

exceedance for three parameters: maximum horizontal acceler-

ation, maximum horizontal velocity, and maximum pseudo-

relative velocity at 0.8 second perioa, and damping of 5%.

The level of exceedance probabilities were for the time period

1981 through 2221 and for the 33% level or the equivalent 100-

year return period values. These were selected at 96 grid

points in the Gulf of Alaska study area. These inputs were

used by the CC)NST.PRC~B and PLOT.ISO programs in order to

obtain seismic exposure maps. These program inputs and

outputs are summarized in Appendix B, and the seismic exposure

maps are discussed in the following section.

Results of the seismic exposure analysis for all three maps

are presented in Figures 10 through 12 and show high-relief

areas in the areas of seismic gaps in the Shumagin Islands,

Semidi, Yakataga and the Yakutat areas. These areas of

relatively high ground motion values are due to several

effects. These effects will be discussed after important

features of the seismic exposure modeling are discussed below.

First, the source seismicity not only is described for earth-

quakes of Ms < 7.8, but also for large magnitude earthquakes

15
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in seismic gaps along the subduction zone. The future

frequency of occurrence, probabilities ot occurrence, and

earthquake size (M2 7.8 and MA 9.05) have been estimated

based upon a semi-Markov simulation. This simulation has used

quantified judgments of the SRU participants and available

historical seismicity  data. Simulation results generate fewer

earthquakes of Ms > 7.8 than the OASES (1978) study.

Secondly, the SRU participants felt that, with the project

scope of work, the appropriate description of pertinent

faulting would involve few onshore faults. Offshore faults

and important geologic structural and seismological trends

should be included along with the subduction zone and ranaom

sources. The areal extent of the subduction zone has

increased for the Shumagin Gap and Semidi areas. The focal

depth, at 6 km, for the shallow portion of the subduction zone

is 1/3 to 1/2 the depth for the previous OASES (1978)

results. Thirdly, the SRU participants regarded the typical

fault-rupture/magnitude relationships, based on world-wide

data, were not adequate for Gulf of Alaska subduction zone

tectonics. The choice was made to deVelOp a new relationship

which incorporates the concept of fault rupture related to the

down-dip width of the subduction zone segments. This

relationship has the feature that down-dip rupture widths on

the subduction zone are limitea to about 200 km, but rupture

widths could be as much as four times this width.

Fourthly, an attenuation relationship for maximum horizontal

acceleration for stiff-soil sites was modified to accommodate

a subduction zone at a closer distance as shallow as 6 km.

Maximum magnitude earthquakes on the subduction zone were

permitted to have magnitudes as high as 9.05 + 0.25 Mw.—
Hence, dispersion in the attenuation relationship at close-in

distances could cause artificially high acceleration values.

Consequently for earthquakes of Ms or Mw > 8.5, the

attenuation curve for acceleration was adjusted so that they

16



trend near the value for non-subduction zone sources at around

1 km distance. Although, the subduction source attenuation

curve is only valid for distances up to a 6-km closest

distance of approach, the participants considered this

flattening of the attenuation curve for maximum acceleration

to be consistent with the general observation of limiting

maximum accelerations in the near-source region of a fault as

earthquake magnitudes become larger. In the distance range to

6 to 20 km, the selected attenuation relationship for Source

Type B doubles the ground motion values over the WCC (1978)

results for the subduction zone.

4.1 Earthquake Recurrence

Above magnitude 7.8 Ms, earthquake recurrence was determined

based on the semi-harkov results. A comparison can be made

between the expected number of earthquakes to occur over the

next 40 years basea on the historical record, assuming a

Poisson model, and the semi-Markov model.

Results of the semi-Markov model provide the marginal

probability distribution, pr (rm , ) of number of occurrences of

each magnitude included in the s~mi-Markov  model. Using this

distribution, the expected number of events of magnitude Mi

for a given source can be calculated from:
a

z
E[~i] = r = () ‘R ‘rmi) ‘mi(l)

The total expected number of events summed over all magnitudes

for a given source is then given by:

5E[R] ‘all ~ E [~ ](2)
i i
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Table 9 shows the values of E[~.] and E [R] for each of the

sources that were analyzed usingla semi -hlarkov model. The sum

of total expected number of events over all sources is also in

this table. The total number of expectea earthquakes from all

sources is 1.50 over the next 40 years (1981 through 2221).

Using the historical data in Table 5, the average number of

earthquakes over the next 40-year time period can be

estimated. There are 11 earthquakes over a 131-year time

period or 12 earthquakes over a 193-year period if the 1788

earthquake is included. The expected number of Ms ~ 7.8

earthquakes over the next 40 years, on a historical record

basis, would then be 2.49 to 3.36 earthquakes.

If the recurrence relationships for the subduction sources

given in Figure A-3 are simply extrapolated to maximum

magnitude values under a Poisson assumption, then about 3. 53

earthquakes would be expected on average over the next 40

years. Hence, the semi-Markov results show that about one-

half fewer large earthquakes would be expected to occur in the

study region than the Poisson or historical data would

indicate.

5.0 APPLICATIONS OF MAPPING PARAMETERS

In the initial use of the SEISMIC.EXPOSURE software package to

analyze the Gulf of Alaska, three mapping parameters were

considered. The seismic hazarU evaluation ot the Gulf of

Alaska, using the new software package, can serve a variety of

potential users because of the program’s ability to use a

selection of various parameters.

(1) Regulators: Parameters of interest to regulators should

be ones that allow an evaluation of the character of

ground motions and their likelihood of occurrence in the

18



proposed lease areas in the Gulf of Alaska, and ones that

provide a basis for assessing the adequacy of proposed

design strategies meant to prevent the possibility of

serious adverse effects.

(2) Industry: Industry would be interested in using the

seismic exposure assessment for both pre-lease and post-

lease design strategies. In the pre-lease phase of the

work, industry would be able to assess the feasibility,

costs, and relative desirability of different modes of

exploration and construction. In the post-lease phase,

industry would be able to select design parameters and

evaluate alternate design strategies.

(3) Researchers: The seismic exposure assessment would

provide a valuable basis for identifying technical as

well as geographic areas which need additional work in

order to obtain a better characterization of seismicity

and ground- motion characteristics. Additional work

based on this information would provide a better basis

for the selection of design parameters and for preparing

regulations.

Summarized below are the parameters, including the four

presented here, that may be useful for these purposes.

Pre-Lease Decisions

1. Identification of Lease Areas Where Seismic Exposure

is Significant

The most immediate application of the work will be the

identification of those lease areas, or parts of lease areas,
where earthquake effects are significant in the evaluation of

site suitability and the design of structures. The parameters
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selected should provide adequate information for such

evaluations; and the basic results, together with limited

sensitivity studies, should provide the necessary pre-lease

information. Typical ground-motion parameters for such an

application are peak values, (e.g., acceleration, velocity,

displacement), spectral values, and duration.

2. Seismic Zonation

Regulatory organizations, such as USGS, BLM, and NOAA, or

industry organizations, such as API, could use the specific

seismic exposure map produced for the Gulf of Alaska as a

basis for establishing seismic zonation and design guidelines

for similar seismic risk assessments in the various lease

areas. Most common parameters for zonation are peak values.

3. Pre-Lease Seismic Decisions

The seismic exposure values calculated will not be seismic

design criteria. However, they can be very useful for

qualitative cost estimates. In some instances, the results

may serve to preclude the consideration of certain structural

configurations for use in a particular lease area. If

combined with an areal description of soil conditions and

properties, the results could be used to identify tracts

having potential foundation problems. Parameters useful for
this evaluation are the same as in (l).

Design Strategies

4. Site-Specific Studies and Selection of Desiqn Parameters

The results of the proposed work can be a logical starting

point for a site-specific study. Results will indicate the

general level of expected ground motions at the site.
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Although parameters of interest may be the same as in (l),

additional evaluations are desirable. These evaluations
include: a) the identification of the dominant sources, and

b) estimation of the relative contribution of various magni-

tudes and distances to seismic exposure at a given site. A

typical result may be: 70 percent of exposure at Site A is
due to M = 6.7 to 7 earthquakes within distances of 30 to

50 km.

5. Relative Costs of Seismic Safety

The results of the SEISMIC.EXPOSURE program can provide

exposure values for various return periods. These values can
provide an opportunity for the designer or regulator to assess

the impact of additional conservatism on structure costs.

Parameters most commonly used are peak values and spectral

values.

6. Reliability Analysis

The first element of a reliability analysis is a probabilistic

description of the environmental forces. Results of the

present project will provide this description for the

earthquake loads. Parameters most commonly used are peak
values.

Research

7. Research and Regional Data-Gatherinq Proqrams

Sensitivity studies performed to evaluate the influence of

various parameters on seismic exposure can provide the

seismologic research units with an opportunity for targeting

research efforts in technical and geographic

will be most productive. The exposure model

areas where they

consists of three
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e l e m e n t s : source characterization, transmission, and exposure
calculation. All elements affect the calculated values, but

the relative importance of the first two is not the same for

different lease areas. In Lower Cook Inlet, for example, the
dominant source is readily recognized to be the Benioff Zone

and the principal uncertainty is related to the attenuation

relationships. In contrast, the exposure calculation for the
northern Bering Sea lease areas is dominated by the “random”

or “unidentified” sources. Research in the latter areas
should provide better information on specific earthquake

sources.

In summary, the parameters for mapping seismic exposure may

include the following:

a) Peak Values: peak acceleration, peak velocity, peak

displacement.

b) Spectral Values: spectral acceleration, velocity or

displacement for periods ranging from 0.1 second to 10

seconds and damping ranging from 2 to 10 percent.

c) Duration.

Return periods for the parameters may range from 50 to 1,000

years. This new seismic exposure evaluation package has the

flexibility to provide these seismic exposure mapping

parameters for any tectonic environment and, in particular,

subduction zone environments of Alaska.
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APPENDIX A

INPUTS FOR SEISMIC EXPOSURE EVALUATION

A.1.O INTRODUCTION

The purpose of this appendix is to present a compilation of

various inputs used for the seismic exposure maps. These
inputs consisted of earthquake source location and geometry,

earthquake source dimensions, and earthquake source

recurrence.

A.2.O LOCATION AND GEOMETRY OF EARTH~UAKE SOURCES

As described in Section 2.1 of Volume I, earthquake sources

are planar in shape or are lines; some consist of a single

trapezoidal surface, while others, such as a Benioff zone,

consist of multiple bands of trapezoidal surfaces. The

elements of a source are defined by the coordinates of its

nodal points given as longitude (x), latitude (y), and aepth

below surface (z in negative km). Figure 2 of Section 3

(Volume II) shows the nodal points for the elements of the

Benioff zone. Figure 3 of Section 3 (Volume II) shows the

other nodal points and earthquake sources in the Gulf of

Alaska. Table A-1 is a list in serial order of the

coordinates of the various nodes. In order to define any

source, it is necessary to locate the coordinates of its nodes

from Table A-1.

The inclination of the surface of a source represents an

average dip interpreted from the assessments based on the

seismic and geologic data discussed in Section 3. For

computational purposes, horizontal sources are postulated

(e.g., random sources) to have a nominal elevation difference
of O. 5 km between the z coordinates at opposite edges. The

steeply dipping faults, such as the Denali, have been

A-1



TABLE A-1

NODE COORDINATES

Node
Index Number

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

;:
41
42
43
44

Longitude

-158.27
-158.27
-156.18
-155.83
-154.32
-154.77
-152.92
-149.39
-149.39
-149.84
-146.10
-145.98
-143.00
-142.99
-140.70
-140.25
-142.000
-141.14
-139.44
-137.44
-138.97
-140.58
-140.13
-152.89
-153.27
-151.72
-151.26
-148.65
-149.26
-147.88
-147.30
-146.64
-147.06
-145.44
-145.00
-163.15
-163.67
-155.18
-154.47
-145.92
-147.21
-144.73
-142.55
-146.80

Latitude

54.72
55.12
55.67
55.30
56.12
56.42
57.40
58.39
58.39
58.67
60.72
60.24
59.26
59.74
60.53
60.19
61.44
61.68
60.45
58.65
59.16
60.08
60.22
55.90
56.26
57.02
56.68
58.04
58.24
59.13
58.91
59.15
59.52
59.82
59.47
51.80
52.70
54.46
53.55
57.28
57.97
59.38
59.20
62.10

Depth

-5.0
-5.5
-5.5
-5.0
-5.0
-5.5
-5.5
-5.0
-5.0
-5.5
-5.5
-5.0
-5.0
-5.5
-5.5
-5.0
-5.5
-5.5
-5.0
-5.5
-5.0
-5.0
-5.5
-5.0
-5.5
-5.5
-5.0
-5.0
-5.5
-5.5
-5.0
-5.0
-5.5
-5.5
-5.0

-15.0
-15.5
-15.5
-15.0
-15.0
-15.5
-15.5
-15.0
-5.0



TABLE A-1
(continued)

Node
Index Number

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

U
86
87
88
89
90

Lonqitude

-151.04
-151.08
-146.50
-143.64
-141.43
-138.80
-135.11
-134.47
-134.84
-139.85
-136.71
-135.37
-132.00
-161.87
-160.24
-156.22
-158.26
-154.39
-149.87
-146.17
-147.45
-140.77
-143.02
-138.9
-144.08
-150.12
-130.94
-132.42
-163.70
-164.42
-161.89
-160.76
-160.00
-165.10
-162.88
-158.48
-159.54
-156.44
-156.12
-153.29
-155.77
-152.08
-149.63
-147.78
-146.41
-150.07

Latitude

61.34
63.20
63.60
62.97
61.58
61.11
58.99
56.60
55.58
60.30
58.10
56.11
52.15
56.08
54.68
55.66
56.98
58.98
58.64
60.67
62.66
60.50
59.70
62.25
63.92
64.36
53.96
51.87
52.82
53.80
54.38
53.46
52.85
54.67
55.18
55.70
56.40
54.20
53.96
55.35
57.03
58.81
57.04
57.22
58.90
61.63

Depth

-5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.5
-5.0
-5.0
-5.5
-5.5
-5.0
-5.0
-5.5
-5.5
-5.0
-6.0
-6.0
-6.0
-6.0
-5.5

-20.0
-40.0
-40.0
-20.0
-20.0

-125.0
-125.0
-40.00

-125.0
-20.0
-20.0
-20.0
-40.00
-40.00
-6.0

-20.0
-20.0
-40.0



Node
Index Number

91
92
93
94
95

TABLE A-1
(continued)

Longitude Latitude Depth

-154.07 59.12 -125.0
-151.70 62.70 -125.0
-146.52 62.62 -40.0
-148.10 63.72 -125.00
-148.20 62.16 -40.0



TABLE A-2

NODES FOR SOURCES

Overlay 1

Name

Deformed Zone

Offshore Faults

OS (i)
OS (ii)
OS (iii)

Tarr and Martin Zone

Plafker Zone

Castle Mountain Fault

Chatham Strait Fault

Denali Faults

Fairweather Fault

Normal Faults

Random Source
- Segment 1
- Segment 2
- Segment 3
- Segment 5
- Segment 6
- Segment 7
- Segment 8

Nodes Used

4, 3, 2, 1
5, 6, 3, 4
8, 7, 6, 5
9, 10, 7, 8
12, 11, 10, 9
13, 14, 11, 12
16, 15, 14, 13

27, 26, 25, 24
31, 30, 29, 28
35, 34, 33, 32

21, 20, 23, 22

19, 18, 17, 16

44 through 45

49 through 53

46 through 49

54 through 57

39, 38, 37, 36
40, 41, 38, 39
43, 42, 41, 40

60, 61, 58, 59
63, 62, 61, 60
111, 65, 62, 63
67, 66, 65, 64
66, 68, 69, 65
72, 71, 68, 66
110, 70, 112, 62



TABLE A-2
(continued)

Name

Prince William Sound-
Cook Inlet-Kodiak

PCK Segment 1

PCK Segment 2

PCK Segment 3

Yakataga Gap

Semidi Gap

Shumagin Source

Shumagin Gap

Deep Benioff Zone
Segment 1
Segment 2
Segment 3
Segment 4
Segment 5

Very Deep Benioff Zone
(Illiamna)

Nodes Used

113, 86, 85, 84

89, 90, 86, 88

97, 93, 90, 89

98, 101, 100, 99
103, 98, 100, 102

84, 85, 80, 83

76, 75, 74, 73

82, 80, 75, 77

75, 79, 78, 74
80, 81, 79, 75
86, 91, 104, 85
90, 92, 91, 86
93, 94, 92, 90

106, 107, 108, 105



characterized as line sources and not planes since the

vertical integration step of 15 km is comparable to the depth

distribution of earthquakes on a vertical crustal fault.

A.3.O EARTHQUAKE SOURCE DIMENSIONS

Individual earthquakes are associated with a rectangular

rupture surface. The size of the rupture surface depends upon

earthquake magnitude. The magnitude/rupture-lengths used in

the analyses are summarized in Section 3 (Volume 11), and are

presented in Table A-3.

A.4.O EARTHQUAKE RECURRENCE

Guidelines developea by the SRU participants for establishing,

recurrence on earthquake sources are summarized in Table A-4.

The N-M relationship and guidelines for each earthquake source

were used as a basis for generating the magnitude distribu-

tions shown in Table A-5. For each earthquake source, several

entries are given: the number of years for which data are

available (75 years); the mean number of occurrences with

magnitude Ms ~ 5.05; the number of magnitude Uistrihutions in

magnitude increments of O. 5 to a maximum magnitude. For

sources on the subduction zone that are part of seismic gaps,

recurrence inputs were not provided for magnitudes greater

than Ms 7.55 + 0.25. Above Ms. 7.55 + 0.25 (7.8 Ms), inputs—
are provided based on the output from the semi-Markov

modeling. The semi-Markov inputs are aiscussed in detail in

Section 3 and are given in Tables 1-8 and B–1 to B-5

(Volume 2) for the initial application to the Gulf of Alaska.

A.5.0 ATTENUATION RELATIONSHIPS

Attenuation relationships utilized in seismic exposure mapping

are discussed in detail in Section 3. Attenuation parameters
used in SEISMIC.EXPOSURE are listed in Table A-6.

A-2



TABLE A-3

RUPTURE LENGTHS USED AS INPUT TO SEISMIC.EXPOSURE

Horizontal
Earthquake Rupture Down-Dip
Magnitude Lenqth (km) Rupture Length (km)

5.05
5.55
6.05
6.55
7.05
7.55
8.05
8.55
9.05

2.7
4.7
8.4

15.0
27.0
47.0
90.0

180.0
225.0

2.7
4.7
8.4

15.0
27.0
47.0
50.0
70.0
80.0



Source

Castle Mountain Fault

Chatham Strait

Denali Fault

Fairweather Fault

Normal Faults

TABLE A-4

SRU EARTHQUAKE RECURRENCE GUIDELINES FOR INPUTS

Maximum Magni tude Recurrence Information

7.5 Ms One earthquake every 1,200 years; the slip

rate is 1/5 times the slip rate for the

Denali. (For consistency, the activity

rate was taken as 1/5 that of the Denali

fault.) (see Figure A-l).

7.5 Ms

8.3 Mw

8.3 Mw

8.0 Mw

l\16 o f  t h e  Fairweather  r a t e  o f

recurrence (see Figure A-l).

Slip rate is five times the slip rate for

the Castle Mountain fault; slip rate iS 50

times that for the Fairweather; 1/8 of the

activity of the Fairweather fault

(activity level chosen to reflect one

Ms 7.5 earthquake every 125 years on the

Denali fault) (see Figure A-l).

1 earthquake of Ms 8.0 every 80 years on

average; b = 0.75 (see Figure A-l).

Same as the Aleutians OS-3 source (see

Figure A-2).



TABLE A-4

( c o n t i n u e d )

Source

Prince Willam Sound-

C o o k  I n l e t - K o d i a k

(PCK Segments 1,2,3)

Yakataga  Gap

Semidi

Y a k u t a t  Block

Shumagin Gap

M a x i m u m  Magnitude—

8.9 Mw

8.9 Mw

8.9 Mw

8.9 Mw

8.9

R e c u r r e n c e  I n f o r m a t i o n

USE? the Henioft z o n e  s h a l l o w  BZ–2-1 for

Ms < 7.8 (see Figure A-3).

U s e t h e  L+eniotf z o n e  s h a l l o w  BZ-2-1

recurrence curve for MS < 7.8 (see

Figure A-S).

[Jse the Beniofif zone shallow Bz-2-1

recurrence curve for < 7.8 (see

Figure A–3).

For M < 7.8 5, tive times recurrence of

Yakataga Gap (Note: Changed to 2 times

Yakataga Gap).

Use BZ-2-1 recurrence curve (50(J < Ms <— —
7.8) (see Figure A-3).



TAHLF A-4

(continued)

Source

Iliamna Zone

Maximum Magnitude— — - .

7.8 MS

Random Sources 7.0 Ms

(segments 1  t h r o u g h  6, a n d  8)

Deep Elenioff Zone 7.5 Ms

Plafker Zone 7.0 MS

Tarr and Martin Zone

offshore Faults and

Deformed Zone

H.OM s

7.1 MS

Recurrence Information—— —

Four times the activity of BZ-2-3, with

0.003/(lU3km2/yr)  for MJ 6 (see

Fiyure A–4).

One earthquake of Ms ~ 7.0 every 2(J(J years

in the entire zone, or 0.00005 events

(103km2 x yr) (see Figure A-5).

(see Figure A-6).

[Jse the Denali recurrence curve for

Ms < 7.0 (see Figure A–7).—

(see Figure A-8).

(see Figure A-9).



TABLE A-5

SOURCE MAGNITUDE DISTRIBUTION

(All values are for a time data base of 75 years,
semi-Markov data not included)

Source

Deformed Zone
Segment 1
Segment 2
Segment 3
Segment 4
Segment 5
Segment 6
Segment  7

Plafker Zone

Tarr and Martin
Special Zone

0s
Segment 1
Segment 2
Segment 3

Normal Faults
Segment 1
Segment 2
Segment 3

Random Sources
S e g m e n t  1
Segment  2
Segment  3
Segment  5
Segment  6
Segment 7
Segment 8

Shumagin Source

Shumagin Gap

Semidi Gap

Number of Earthquakes
5.05 5.55 6.05 6.55 7.05 7.55—  .  .  .  — .

2.592 1.064 0.436 0.169 0.44
1.836 0.754 0.309 0.119 0.081
2.304 0.946 0.387 0.150 0.101
3.168 1.300 0.533 0.206 0.139
4.068 1.670 0.684 0.264 0.179
2.916 1.197 0.490 0.190 0.128
2.52 1.034 0.424 0.164 0.111

2.988 1.226 0.502 0.194 0.131

79.56 25.398 7.994 2.536 0.174

3.341 1.361 0.549 0.216 0.087
2.977 1.213 0.489 0.192 0.078
2.551 1.040 0.419 0.165 0.067

2.373 1.178 1.16
2.592 1.286 1.287
0.982 0.478 0.480

48.104 11.861 1.423 0.258 0.049
80.396 19.822 2.378 0.431 0.081
95.356 23.51 2.821 0.512 0.096
47.247 11.649 1.398 0.254 0.048
81.58 20.114 2.413 0.438 0.082
199.214 49.116 5.893 1.069 0.201
121.401 29.932 3.591 0.651 0.123

13.739 5.457 2.183 0.851 0.514 0.046

34.09 3.431 5.416 2.111 1.274 0.114

33.512 13.311 5.324 2.075 1.253 0.112



TABLE A-5
(continued)

Source

PCK Gap
Segment 1
Segment 2
Segment 3

Y a k a t a g a  G a p

Yakutat Gap

Deep Benioff Zone
Segment 1
Segment 2
Segment 3
Segment 4
Segment 5
Segment 6

Iliamna Zone

Castle Mountain
Fault

Denali Fault

Chatham Strait
Fault

Fairweather Fault

Distribution of Magnitudes
5.05 5.55 6.05 6.55 7.05— ._, ,— _

49.241 19.559 7.823 3.049 1.841
48.664 19.329 7.732 3.013 1.819
45.967 18.258 7.303 2.846 1.718

1 5 . 9 8 6  6 . 3 5 2 . 5 4 0 . 9 9 0 . 5 9 8

1 2 0 . 7 2 6  4 8 . 8 0 7  1 9 . 5 2 3  7 . 8 4 7  4 . 5 9 4

6.602 3.668 1.956 1.076 1.339
9.801 5.445 2.904 1.597 1.988
8.303 4.613 2.460 1.353 1.988
10.328 5.738 3.06 1.683 2.095
17.213 9.563 5.1 2.805 3.492
12.231 6.795 3.624 1.993 2.481

12.474 6.93 3.696 2.033 2.531

4.374 1.814 0.812 0.314 0.156

21.87 9.07 4.06 1.57 0.778

10.94 4.53 2.03 0.783 0.389

174.98 72.53 32.48 12.53 6.225

7.55

0 . 1 6 5
0 . 1 6 3
0 . 1 5 4

0.053

0.411

0.018
0.027
0.027
0.029
0.048
0.034

0.035

0.03

0.253 0.15

0.013

2.025 1.2



TABLE A-6

ATTENUATION PARAMETERS USED IN INPUT TO SEISMIC.EXPOSURE

Parameter B1 B2 B3 B4 ~

-Acceleration (1) 190.67 0.823 0.0 1.561 0.568

(cm/sec2) (2) 210. 0.50 0.0 0.85 0.606

Velocity (1) 0.836 1.22 0.0 1.43 0.652

(cm/sec (2) 5.33 0.72 0.0 1.05 0.666

Psv

(0.8 sec 5%)(1) 0.317 1.52 0.0 1.57 0.877

(2) 5.26 0.781 0.0 1.05 0.821
for PSV attenuation (1) when M + 6.5,

B1 = 6.13 and B2 = 1.06

Note: Attenuation 1 is used for depths less than 6.0 km.

Attenuation 2 is used for greater depths.

mag
max

0.0

0.0

0.0

0.0

6.5

0.0
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A.6.O PROGIL%M OUTPUT

Input to the program consists of the geometry in Tables A-1

and A-2, seismicity in Table A-5, rupture lengths in Table

A-3, and attenuation in Table A-6. These were combined with

the output from program MARKOV (discussed in Appendix B).

Partial SEISMIC.EXPOSURE output is shown in Figure A-10.

A-3
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska,
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Fig.  A-10 -SEISMIC EXPOSURE,  Gul f  of  Alaska.

Output for a Single Site (continued).
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lHt Ut  Is Mo ~[Ri-MAMKOU lNPUI log  I)il\  SLURCI

Au; A Sullrrc[ ?
- - - - - -  - - - - -  ---.-

OIFOHMLP  ?O14L  SrGW[NJ  .
W73CK or bAWDS:  I 9UUNUAe W CIIhO: 1 0 u 0 LLIHIMI!.  : 2 IHRU 2
NII-BLL O r  lLLMLNIS  IN LACW bhNL  l. IA  Rllh L, U]ltl  OLLPI$I  OML I
IIN[  IJA IA bA>r . . . . . . . . . . . . . Ts.  oob
NO  Of CCC . . . . . . . . . . . . . . . . . . 3.L9b
MO Of PO I!.  SPN  MIG.  . . . . . . . . . e

>Um or  POl\l.  ON Occ. . . . . . . . . 3.09V
OI$THILUIION  01 HAG.

~ .050 5.%50 6.050 b.55U 7.050
1.836 .7!JQ .309 .119 .urL1

IHLIIL  15 N O  WHI-HSRROV  INPU1  fOR 1)+13  S(lUPc(

AI.  LA 50URCL  t
- - - - - -  - - - - - -  - - - -

Ufr Oti  RLO ZONL !.r  LP[NT !
NllkrILI.  O r  L!  Ah17\:  1 7100 NI)ARv  CON3J: 1 u u u CL LPLN I!.: 3 INWU  3

NUPBt  K O r  11 LwIN7$  IN tACH BAMO  Sli  Wllh6  bllli  OLEPi  Sl O N L 1
ll*r CIIA cvsw  . . . . . . . . . . . . . 15. VOL
NO Of uCC . . . . . . . . . . . . . . . . . . 3.P8b
ho  Of PO IS.  \ON PIG.  . . . . . . . . . 5
$uM  ur  PO IS SUN OCC.  . . . . . . . . 3. PLJb
II SI+I-IIIIC.  N O f  P*G.

\.05r3 ‘5.550 t9. n50 b.55U 7.O>LI
‘.3!1* .V4b .lQt .150 . 1 3 1

IHL?l  IS NU WP1-Ma  RUOU lNPUr  rOR IMIL  SOUIICL

41 , A >L, IIQC1 Q
- - - - - -  - - - - - - - -  .-

[)[f~l !,1  (, ZLJF41  :r(.HLr.JI  q
htlvn, l Pf Bal. (!: : I 9LJu YIIAUV  COhn: 1 0 u u [L LHLN15: 4 IHRU 9
hlnjll  C} tll  ML F.1>  IN Laol  RINIJ  $lil/Ilhb  “[IM  Lll LPL\l  OhL 1
11.1  Ifila ea>f  . . . . . . . . . . . . . lg, .LL3L

hLJ  Ot 1(C . . . . . . . . . . . . . . . . . . ‘..3*b
?+(I  of  P171,,  s[I. l’l L. . . . . . . . . . \
3UE d ruI,,5uh  n(c. . . . . . . . . 5.3*L
OljldtIIIllOII  of  P A L.

* n,,.  ; 5 . . . ..[. 1, .O’ ,11 4,. ’>5,1 1.[>50
‘. 1.,’ l.!lJ[ .’.  $ ! .“LJL .119

1111$!  ., MC .III-HARMOV  INPIII  I(JK  Illl!  Suuk[l
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Fig.  A-10 -  SEISMIC EXPOSURE,  Gul f  of  Alaska.

Output for a Single Stte  (continued).

AUIA S(JUMC[  Q
- - - - - -  - - - - - - - -  .-

Iah R h?.  O H#Wllh  >PL Cl&l /ON(
NI,  HCI.C  of bfi,,[,l.; 1 nOUMLJAfi  V CLJhlI: 1 LJ u u [L IMLNIS: 9 lMAtu 9

NuHBIP  Of [11 PLNIS  I N  [SCM  bANO  SIAitfl  N6 u1ltI  Ot[PISl  ONt 1
flm[ CA IA LIA>f . . . . . . . . . . . . . 15. [:OU
NO of orc  . . . . . . . . . . . . . . . . . . lj6. bb2

NO OF POl\SON  Pb l..  . . . . . . . . . .

\ll  M Of POl\  SON O(C. . . . . . . . . 115.  bb.  i
Diit  Rltllll  ON fIf PIA6.

\.050 ‘..550 6. L150 b. 550 1.050

lQ.5bn 25.398 I .99* ?.53b .11*

tHLR[  Is N O  SIM1-ff  AfAROU lMPUI F09 IM13 SOUOCL

Ali  IA SO URCf_ 10
- - - - - - - - - - - -  - - - -

0s -1 Ill
hUHLf  Cf. OF  bAh  D! : I tfOUNf’Aa  V COhfL: 1 u u u Lf. fHLN15: 1 0  lMRtl 10
Nuwff  Lfi  O f  EL LHINIS  Ih [ACM LCANLJ SIA@llh6  MIIM  LLLPISI  OhL 1
TIP*L lItl A BaSf . . . . . . . . . . . . . 1>. floo
No or urc . . . . . . . . . . . . . . . . . . 5.556
kO Of POl  S5fl W MaG. . . . . . . . . . %
5UM O f  PO IS>ON  OCC.  . . . . . . . . 5.55b
OIStflltLUIION  O f  HAG.

~).050 5 . 5 5 0 6.050 6.55U 7.n50
‘.J*I 1.3L1 .5*9 .?16 .081

II+[RC IS MO SrR1-MAfiMOV  IhPLLl fOR  IH15 SOUUCL

AH, A $OURC[  11
- - - - - - - - -  ----.--

OJ-1 III)
NIIWVLU  Ilf L16ND:  :  I BOUNf)Aft  V COhO: I u o (1 LLIMLkl$:  11 lHWU  II
IJUMI!LF  Of [L LMLMI\  IN LhCli  BANO Sf4hllk6  M1l  H L) LIPLSl  ONL 1
IIMf DATA  8ASf . . . . . . . . . . . . . 15.00LI
NO  Or  OCC . . . . . . . . . . . . . . . . . . *.9Qb
N O  O F  POISSON  ),S6.  . . . . . . . . . %
5.UM  of PoI$ SON OCC. . .  .  .  .  .  .  . ●  . 9 * *
ifl$Ilf  IIu  IIOh  O f  WAG.

5.050 5 . 5 5 0 tl . 0 5 0 6. I.5LJ r.n50
?.9?T 1.?13 .*89 . 1 9 2 .o]e

IH[’JL 1S N O  sIP1-MAUKOW  INPUI  fOR I141S  SO UUCf-

hl/li  Souact 1?
- - - - - -  . - - - - - - - - -

0“ - 1 11111
hUrBLf.  O f  BAW_IS:  1 t1011P40A@v  COh D: 1 u o u EL IMLNI$:  1 2  lHffu  12
hulkfll~,  Or IL IMLNIS  lh L@CH LIANO  $.l ACJIlh6 .Illi  0LIP[51  O N L 1
11 ml. Lhl A hb..  f . . . . . . . . . . . . . t5.  PIJL
Nn or (ICC . . . . . . . . . . . . . . . . . . *.2*1
No 01 1.01>%  014 **[. . . . . . . . . . . 5
>!I!I  IJ#  POI!.>LIN  OLC.  . . . . . . . . 4.:4.
l)lsllrlliurllJM  o f  Nab.

j .[;!.(1 ‘,.+\l) t .n\r b.s55d 7.41>(1
.7.<,,1 ].,lllf .419

INI w,
.Ib> .Ubl

t’ hl) ‘,1~1-PARI!Oi  I\PUl  IIJK Ihls  SbUhLL
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.

Output for a Single Site (continued).

A& a %Ouncl I 1
.  - - - - - - - - - - -  . - .  .

lAt..  IOP \OUhf  L :foMLNl  .
*( Hk!Lu o f  P1h P,2!  1 hOUNOSQV  cOhD: o U u 0 [L[$ttm  l>: 11

NUWiLU  OF LtkllLN15  IN lACH BAIsO  S14UtlhG  Ul:li  OLIPISI  Oh[ 1
Ilmr oblh  tIAi[  . . . . . . . . . . . . . ?5.  I)GU
?40  or urc . . . . . . . . . . . . . . ..r. . 10 J.  I I I
NO OF POl$SOk  MaG. . . . . . . . . . 5
SUR Of POISSON  OCC. . .  .  .  .  .  .  . 103. IOO
o I S I R I .  I I  I 1 O N  OF MSG.

‘ .05C 5.<50 c. . 0 5 0 *.55U 7.050
hr. ~vtl 19.02? 2.J18 .031 . 0 9 1

lAiili  L 1S MO \tM1-HAlf  MOU  lNPU1  fOAI I H I S  SOUa  Ct

AULA SC\IRCf In
- - - - - - - - - - - -  - - - -

17 ANr70P  Sguficl  !.r GMINl  J
NuMBt  P O f  BAND!  :  1 00 UMDAA7V  CONO: t o 0 0 cLtwLBlls:  Ill  Iwu  la
NIJMBLI  O f  Cl[Mr Ml$ I N  LAC14  8AN0 51 AnllhG  MIIM Otf-Pf  SI ONt 1
IIM[  PA14  BA>I  . . . . . . . . . . . . . 75.000
Ntl  Of !3CC  . . . . . . . . . . . . . . . . . . 1 2 2 . 2 9 5
N O  OF P O I S S O N  Ptb.  . . . . . . . . . s
sun o f  ~ol>$ou  Occ.  . . . . . . . . 32.295
lJli  IfJIPUll  ON O f  MAG.

~.050 5.550 6 . 0 5 0 6.550 ? . 0 5 0
‘ .3S6 2J.51O Z.ffzl . 5 1 2 . 0 9 6

lML.t[  1> N O  ir141-WA71MOu  lNPUl  fOn IHIS SOUff Ct

#@(A  SC UIVC[  1~
-----------.----

Q4).00M  sOU(4C[  $fGHINl  5
NIIHRIF  CF bAMD’.  : 1 ROUNUAOV  COKD: o 0 u I CL CHLN15:  IVI IHRU 19
huh9[h  O f  [L[MLN?S  I N  tACii B A N D  $IAIJ71NG  M1l M Oftpt  Sl ONE 1
I;?!r  OA  IA BAW . . . . . . . . . . . . . 75.00LI
NO Of OrC . . . . . . . . . . . . . . . . . . 60.595
NO O F  POISSON  PAL.  . . . . . . . . . 5
5UM Of POISSON  OCC.  . .  .  .  .  .  .  . bo.5v6
L151Hlb  U110N O f  R A G .

~..n5~ 5.$50 6.0$0 b.551J 7 . 0 5 0
*1.2*1 11.649 1 . 5 9 8 .254 . 0 4 8

IMIwL  1>  NU WF1-MA9110U  lNPUI  FOR Ili  IS SOIJRCL

L, AI, CI(IM  <OUHC[  srGP[NT  6
NuPe~t  (IF l.l  AMfl\:  1 8 0  UNOAUV  Cohn: o 0 0 1 CLt  MtN15: 2 0  TMRU
W-311.  O f  lLLMINIS  IN [SCM  BANO sIAffllhG  ulltI  O[[PISI  ONL I
llHr Pal  A bAir  . . . . . . . . . . . . . 15.I)UL
No or L(C . . . . . . . . . . . . . . . . . . lL~.C21
1,1 of volssnN lab. . . . . . . . . . 5
5uH bf PKI15~O*l  OCC. . .  .  .  .  .  .  . ILII.c21
LISIH1.  UIIIW  Of @AIJ.

c .i,  *,l, 5.$>0 L.(I3O b.~%u 7.:)51:
4.1. \14:l )(:.11* J.qll .ti Jb .ild?

Ill,  ‘[ 1< N(J ‘, fP1-PAl+MOU  INPII1 f(lfi IH15  >~uht[

2 0



Fig.  A-10 -  SEISMIC ExpOSURE,  Gulf of Alaska.

Output for a Single Site (continued).

AUI~  SI., IJRC(  . 1
.  - - - - - - - - - - - - -  .-

hdNnOP  \OUWCL  SF  GMLNI  I
F.  II MrILN  o f  HiNn~: I PO NMC)417T  Coho : u u u u [L[M1N15:  2 1  lttau  2 1
NUMJLN  O f  IL LMINIS  IN lACH ffAMO sIAII11N6  U1l  M  CJICPISI  ON1 1
IIMI  oaIA Llasr . . . . . . . . . . . . . ?5.  IICIL
##v of Occ  . . . . . . . . . . . . . . . . . . 25> .*94
No o f  PoI\sr)M  tal,  .  .  .  .  .  . . . * . 5
SUM Of POISSON  OIC.  . .  .  .  .  .  .  . 255.69J
ols.  IHIuul IoN  o f  PAIJ.

\.050 5.%50 LI . 0 5 0 6.55U l.oto
199. ?lQ 119.116 5. IYV3 1 .06.9 . 2 0 1

IHLI?[  IS NO S.fhl-M4ffKOU  INPL41  FOO IHIS  $OURC[

Adta  Suur?cl .7
- - - - - - - - - - - - - - - -

fJ~NOOff \OU@CIS  S[6MLNT  II
huHfll  R O f  LIAWO::  1 BOU44Ualf  V COhO: I o u o fLf ML Nts: 22 f14Rb 22
MIIMHIJ  O f  tLEPt  NIS  Ih t#CM tlSNb  $.IABIIM6  UJIM  o([pt$l  oN[ 1
III!(  O*14  84>[ . . . . . . . . . . . . . ?%.  rou
Mo of orc . . . . . . . . . . . . . . . . . . 1 5 5 . 6 9 6
h(l  O f  POISSON  MSG.  . . . . . . . . . 5
SUM Of PO1!.50N  O(C. . .  .  .  .  .  .  . 1:5.69u
LIISIRIBUIIUN  O r  PsG.

\.050 5.%50 6 . 0 5 0 6 . 5 5 0 1.050
I.’l.  uhl 29.932 3.591 .651 .12J

IHL9L  ]~ N O  $r~l-!IAf4140W  INPuI  f(jfi IMIS  $Uuf)ck

A411A  5buRCE  2T
----------------

SHJUA6[N  SOUI.CI
Numhlc  o f  t14NlJ::  J ff4)UNOAfIV  CONO: 1 1 0 0 ELLHLN15:  23
?4UMflt4i  O f  [LtMINIS  Ih (ACM  LfAhtJ  $1A4111N6 MIIM  OLEPtSI  ONt I
IIHC II@lA  BA$f . . . . . . . . . . . . . 7 5 . ( ’ 0 0
N O Of O(C  . . . . . . . . . . . . . . . . . . 22.7a+
hf. OF  Plll\\ON  MA6.  . .  .  .  .  .  .  .  . 6
\lln  or Pol\\clu  O{c. . . . . . . . . 2z.lvtl
UI$lffl;UIILM  O f  Hs6.

* .O%rr 5.5SCI b.050 6.!.50 7 . 0 5 0
11.1J9 5.451 2.183 .851 .51Q

lM[al.  1> N O  $fM1-HARMob lNPul  fon IU]$  $ou@cC

If4UU  2J

? . 5 5 0
.Oab

PN.A Sl)urrc[ ;U
- - - -  - - - -  - - - - - -  - -

>}11 ‘A61N StG
htltmtr  w bthn!  : I f30UNf144?Y CONO: 1 1 I o tLLHtNIS:  2* tH@U
huMM.1.  O f  [lLMINIS  IN  ta[l~  fIANIJ  51AFlllhG  Mllli  OtLPLSl  ONt 1
Iltf  CIAIA  8b\[  . . . . . . . . . . . . . 15.otl(l
Nr o r  Occ . . . . . . . . . . . . . . . . . . $+.5*L
NO Of Plll\\ON  FCC. . . . . . . . . . 6
S.ilM  O f  PoIS\ON  Or{.  . . . . . . . . Qb.43b
01511’rl.  LrlloN  01 MAL.

‘.0’)0 5.550 t..lJ5o h.55u 1.U5[1 1.55U
3Q.0911 J.45; 5.*it< .’.111 1 .274 .11$

11{1 ~f~l  ~ *AC.,.IIULJfs  AD( ~ft!l-PtRMoIj. l*PtJl IS FIIAO  f140m  IINII 17
flttu  lhfotiPfiIlrk  -



Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

/1, MLv . . . . . . . . . . . . . . . . . . . ..\  MLMA61k S(I,
P4uPifl~  Cf Ha bNllullrs . . . . . . . 1
Vbbhll,  )lr Ikcclhfhf  . . . . . . . . .\l UL
flhsl  5-W M#bNllllol  . . . . . . . . @.ll\L!L
I’c,’  loll or INlfkf!,  l . . . . . . . . . *r, .ltrl

NLJMB[R  01 L AU IMOLIAMLS
Dl>cff[ 1[ BAG NIIUO[ o 1 2 J Q 5
- - - - - - - - - - - - - - - -  - - - - - -  --.--------  - - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - - -  -

?
9 .05rl .P?811\l15 .0119  !J!i9 .0 JI 1855
R.$50

.rJ121!5rl .Lloqlnatl .001 ?53LI
.9318633 .0541b16 .flll  L8/9 .rJtJ19Qn2

9 . 0 5 0
.00 U2957 .Ouduseo

.9?58666 .rz405*7 .cltoo9etl .UOUUU02

Af?LA  SOUUC[  i’5
- - - - - - - - - - - - - - - -

!.tnlul
NUHLVIU O F  LA),(I::  1 IV OUNL)ARV COhO: 1 1 I I ~LLMIN  Is: Z5  fMF+u  /S
huMtl  Lf) O f  [it M[fAIS  I N  LSCtf  BaNO  $lADllhL  Mllli  O[t PtSl  ON[ 1
IIH[  OAIA Ba$r . . . . . . . . . . . . . 15. OLJLI
NO  OF Ilcc  . . . . . . . . . . . . . . . . . . 55.58LI
NO  O F  P O I S S O N  PaG.  . . . . . . . . . b
SILh  Of P01S50N  OCC. . .  .  .  .  .  .  . 55.581
OI$1OIOUIILW  Of H A L .

! . 0 5 0 5.550 6.050 6.550 1.050 1.550
53.512 11.311 5. J&Q 2.015 i .253 .11.?

lMC NEM1 J MA6Nll  UOt  S AQE St fV1-MSlf  MOV. lNPA)I  1$ RIAO FQOn  UNII j?
IILCU  INFO HP AI1ON -
10 Ktv . . . . . . . . . . . . . . . . . . . .. SIP  ILII
NUMELW O f  M@6NlluOES  . . . . . . . 3
NSLMIt  UOt  ]NCFJt  WNl . . . . . . . . . 5 0 0 0
rI@SI  S-M MhbNITuOE  . . . . . . . . 0 . 0 5 0 1 1
PEI.  l(JO OF  lfJl[h  CSl  . . . . . . . . . *0.00

WUHB[tl  OF  tACVlti  OUAKLS
C)l>CREI[  t7AGNil  UOE o I 2 3 h 5
- - - - - - - - - - - - - - - - - -  - - - - - - - -  - - - - - - - -  --.-----  - - - - - - - -  - - - - - - - -  - - - - - - - -

8 .05n . 8 2 2 8 8 3 6 .I0512:B .0*56?69 . 0 1 7  ?Lllb .0061315 .0 UlLi3b2
R.S50 .096.65LNI .ofJ*oe19 .0161201 .002 b9b2 .0003903
9 . 0 5 0 .V619L129

.ouuu~ao
.oJla91b .0001 19QI .00000U2

Af(la  Sculrc[ ?6
- - - - - - - - - - - - - - - -

NUMBI U Or EfAN03: 1 BOUWAfJV  COkO: I 1 I o fLEHLNIs:  2 6  IMJIU  Zb
huMEL1.  C Of t(LMlhl  S IN LACH  BANL  SIAPllhG  M1l M DC LPISI  o N L 1
IIMC LJi  IA rfssr  . . . . . . . . . . . . . 75.00L
No of ticc . . . . . . . . . . . . . . . . . . 61.611
N o  o f  Polssnk  Par,. . . . . . . . . . b
SUM UF POISS.ON  OCC.  . .  .  .  .  .  .  . 81.blLI
O151RihUl10N  Ot MSG.

s .05.0 5.\50 6 . 0 5 0 6 . 5 5 0 T .[)50
Q*OZ*I 19.5;9 1.82J J.0Q9 1 .8*I

IH[ 1.[/1  3 MA(,I,IIuEIL$  afJ[ $[H1-MAf?)iOU.  INPuI  1> ULAo  fffOM  uN1l
!11[0 I N F O R M A T I O N  -
10 Mtv . . . . . . . . . . . . . . . . . . . ..&cm  $CEI I
hUfVBLP  Or HSGN:IUCIIS  . . . . . . . 3
Mahql?l.nr  INCFII  MINI . . . . . . . . .5011U
rlksl >-H nsbwlluot  . . . . . . . . I..IIC,L)L
1“[..IOE’  OF lhlrkt~l  . . . . . . . . . qc.oo

NbWBLll  Or E$RIHObam[L

7.5$U
.16S

11

b
- - - -  - - - -

.lJl!rJl12J

.OLOOO*O

b
- - - - - -  .-

.0 C0457?

.OUOOO*S

1 n
- - - - - -  ----------

.00 U0549% .boooub9

.0000OOJ

1 8
- - - - - - - -  - - - - - - - -

. 0 0 0 0 8 7 5 .OOOU1O2

.Ooooooa



Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

L’l>cdl  I f  mAGNlluDt o 1 2 3 4 5
- - - - - - - - - - - -  --.--- - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - -  - - - - - - - -

S.ol.  n .Q  IV,165Q .[!15b#?5 .0151J15LI .lJOb  JU59 .0022312 .01,  uL18  12
R.551J . 9705?bl .ll  Jq8!J19 .LJLJ39J3? .000!tbo? .Ooul)llo .0uLIU018
Q.050 . V.JzzQbz .LJIJ736U* .00WIV*

Ar?tb  Sout?ct :7
- - - - - - - - - - -  - - - - -

t
Pch !.[L  7
N1.JMLJLk  Of  enhoi:  1 BOUNOAIJV  cohLJ: I 1 1 1 [([ ML NII: 21 lHfJU  21
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).
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NO  OF POISSON MSC.  . . . . . . . . . b
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hO O f  POISSON  Ma6.  . . . . . . . . . b
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Fig. A-10 - SEISMIC ExPOSIJRE, Gulf of Alaska.
Output for a Single Site (continued).
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.

Output for a Single Site (continued).
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).
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7.55 : .Uocn .0000 .OLLIO . Llouo .Onuo .Llouo . booo . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
r!. J5  : . IJobrl . OLAOO .nboo . 0 0 0 0 .ULIUO
I..  %s  :

. 0 0 0 0 . LJooo . 0 0 0 0 ● 0 0 0 0
. mun .3000 . OLOO

.0000
. Uuoo .Oouo .00L0 .[ 000 .0000 .Uooo .0000

9.1’5 : .Ooco .0000 .UALOO .0000 . OULAO . Oouo .0000 .0000 . Ouoo .0000
- - - - - -  - - - - - - - - - - - - - - - - -  - - - - - -  - - - - - -  - - - - - -  - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - -  -----.-  ----..--------- - - - - - - - -  - - - - - - - - - - -  - - - - - -  - - - - - -  - - - -
suns : .aoGc . 0 0 0 0 l.zm?tl 7.9b*b .0204 . Oouo . Uooo . 0 0 0 0 . 0 0 0 0 . 0 0 0 0

PcfIAHfl  CIA 1  :  ACCt  L LM/$CC/Stt  = 1 2 0 . 0 0 MA  GNIILIOE/S.  OUtfCl  PIRCt  NIAGt  CON IRlbUll  ON lAtILt ?An J 3

AOLA hP[A A&[b hnfa AU I A hntb &k~A AU[A AaLA Afil  A

SOUQCL SOUMC[ SOUR(. C sounct SOUIJCL SOunct Souhcc SOURCE Souncc
MAb : ?1 2? 23 2* 2!I 26 2 1

Souact
20 29 30

- - - - - - - -  - - - - - - -  .  .  .  .  .  .  .  - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  -

5.?5  : .onnn . 0 0 0 0 . Ooto . 1047 b. b5AJ9 3.1YV9 . 0 0 0 0 . 0 0 0 0 .Cooo . 0 0 0 0

5.55 : . .mf, o . 0 0 0 0 . 00AIO .1811
6.11S  :

b.9009 4.?l UV . 1652 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
.UOLP .nooo .Ots 18 1. b181 L1.19n8 ●  . l l a l .538S .ola~ .IAOOIJ

tics : . uoLn .0000 .1185 1. IU91
.0000

*. AL5JLl ~.06J3 .6815 .181b .00Q? .00Q2
I.u!l : . unto . nooo .213* 2.335* 5.18m* q.8o19 1. U951 .3505 .05b~
1.55 : . Oooc .IIOOO .0*22 .Jnql

.009*
.7u12 . 1s10 . .  2 1 1

b.~5 : .Jouo

.00b8 .0160
. iluoo .Otlto

.Ooe 1
1.31U3 Q.olaz 1. U9,?9 .as8Q .1918 . tL19b . 0 2 2 0

h.55 : .on  Lc . 0 0 0 0 . OLOO . OLAOO Z.slul .S869 .1821 .Ob 1* .ILO%6
S.L5 t

. 0 5 9 1
. um, o .01100 .Obuo .0000 .13U0 .141* .be L12 .01 la .1711 .0001

- - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - -  - - - - - -  - - - - - - -  .--------------  - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - -  - - - - - - - - - - - -  .
sums : .Llooo .0000 .* 619 0. LI*Z9 J1. e?ul 24.  bQLIU J. 3152 .9203 .oaQ1 .10s2
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

F#KAMflch  I  :  ACLLL lv/s[c/stc $uIv  MAAIv MA LIIulluIAE/SOUflCL  CON IRlbUIIOtd  lAtiLl PArAl  1

-------,----::::-------  -:;;:------.-::::-------  -::::--------;:::------  --:;::--------:::;------ --::::---.----:::;------- -::-;-------
Souhct Souacr. s.obRc[ Souhcl !lOurlcc SOU14L1 Soul?c[

vALUf : 1
Souaci

z 3 ● 5
SOLJRCL Souact

b 1 8 9 1 0

120.0: .00000 .00000 .00INC .IJO(JOO .00UL!LI .00IJOU .Ouuoo .00000 .00000 .00000
------- , --- - --------- ----------- .- - ----- --- - -.------ ------ .-----------  -- ------ _______ ------ _______ - - -.------  --------- ------- -------

AI#AIAtl[IIU  I :  ACC1l L.H/stc/slc SUHHAl?f  MA6hltdO[/SOUnCL  c O N I R I U U I 1 O N  IAIJLt Phnl  2

ACL# aufA hkta ml a au[  A ARIA A*I  A ARCA AHI  A ARCA
Soul’c[ SOURCL SGUKC1 SUUAICL souHcf SAJUHCf SOURC[ SOURC1 Soul?cl Souuct

WAtUf  : 11 12 13 I* 15 lb 1? 10 19 2 0
- - - - - - -  ●  - - - - - - - - - - - - - - - -  - -  - - - - -  - -  - - - - - - - - -  - - - -  - - - - - - - - -  - -  - - - - - - - - - - - - -  - - - - - - - - - - - - - -

F
lZJ.~:  .OflUOIJ .Uofloo .31?5*-AJOI .20?l**uoo

v - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

● 52OOLJ-OOJ .UIJUO(J .00000 .0000IJ .Uoooo .Ocooo
- - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - -  - - - - - - - -  - - - - - - -

PA PA MI  If Al I : AcclL cn/$fc/5tc $AJHHARV  HA6MI  luOt/$OURCL  COtAlhlbUIION  IABL[ ● AR1 $

API  A AltCA AI(1  A all[  A AAf[  b AQ[A

Suuhcf
ARCA hR[A AN I A AAt[  A

SOURCt SOuh Cl $OUNCL $OLI14CE $OULIC1 SOuac[ sOURCC
-:::::  -:-----::  ---.  ------::  --- -------  f:----------::  ----------  ~:----------::  ----------::  ----------::  ----------::  ----------::  - - - - - - - -

SOURCL SOURCt

1:0.0: . 0 0 0 0 0 .Iloooo .l175n-ool .22001*OD0 . 9 6 4 2 1 . 0 0 0 .b27u2*CO0 . 0 5 9 1 7 - 0 0 1 .23-?7-001 . 2 2 5 1 9 - 0 0 1 . 2 ? s 0 ? - 0 0 2
- - - -  - - - ●  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - -

SIJHHAJVv  HAGNlluO[/SOU~CL  CONIRlbUllON  IAtILI

AP[  fi A17FA AWLA bnlA fiat  A

souPrc

bWtA Bar h LIN[ LINF LINK

Souact SOURCE SOURC [
VAIUC

SOunct SOUHC[ sLluacr- SOURCL soLJncE :Oufvc[

:-----:!----------::---------  -::-------___::-------  ---::----------::-----  -----::- 1 2 J
- - - - - - - - - - - - -  - - - - -  - - - - - - - - -  - -  - - - -  - - - - -  - - - -  - .  - - - - - -

I:u.c: .Imzb!l-col .bOlZ6-LOl .105bi*OO0 .93n~l-oL)l .I13852-001 .69L161J-u02 .?atloo-ool .00LIOO .boooo .Ocooo
- -  - - - - -  ,  - - -  - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - -  - - - - - - - - - - - -  - - - - -  .----- - - - - - - - -  - - -  --.----  - - - - -  - - - - -  - - - - -  - - - - - - - - - - -  - - - -  - - -  - - - - -  - - - -

fI~I)AMC  ICR 1 : ACC[L (M/sfc/slc sumMAnv  MAbMl?uOt/SOUac[  CONIRIBUIION  IA9LL P A R I  5

LIW
s o u r e r

vALU[  : Q :  ROMSUMS
-----.-  ● - - -  - - . . - -- - -- -- ●  - - - - - - -  - - - -

Izd.o:  .Ooooc .25*55.IJO1
- - - - - - -  ●  - - - - - -  - - - - -  -. .- , - - - .  - - - -  - - -



Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continuecf).

I N Qo.  oo vtAtrs ●  * * * * *

t
Uflslll

-152.4!)5 5*. LIOO

lNL : ?.ot,n
MJh  : ]n.  coo
H*R : Ioo.  oclo

$11[ COOQOINSILS  x.V,Z

. 0 0 0 0 0 2.OIJOUO
1.11oooo .9’988-

. 0 0 L..93

zr.000oo 22.000LIO
.01899 .01JQ9

2:nb.a3 2945.01

4 0 . 0 0 0 0 0 *2.000LIO
.rwo?l .0U05*

.Aicf .110

6c.000on 6 2 . 0 0 0 0 0
. 0 0 0 0 5 . 0 0 0 0 3

.Or .Lo

&r.Fooun nz.noooc

.nuoon . 0 0 0 0 0
● OO .Ur

N O T E :  N o  tables  were generated forvelcxitp

. 0 0 0

● .ouooo
. 30bbb
IOV.82

2S.OUOOO
.00*3’3

918*.)1

uo.cunoo
.Ouoll

.Uo

6@.ouooo
.Ooulsl

. 0 0

6s4.Aloouo

.Ouufso
.Uo

69J.509 1419.15e

Q.ouooo
.83981
22.1*

2*.ULOOO
.oo9qQ

Qzla.o?

h*.ocoifo
. 0 0 0 *  I

. 0 0

bQ.0000c
.0CO02

. 0 0

b~ .boooo
.Ooouo

. 0 0

6 . 0 0 0 0 0
.5 J5b0

52. b5

26.  OUUOO
.rrut.*a

61s?.19
4b.00000

.000J5
.Uo

bb.0000U
. 0 0 0 0 2

.Ou

Ob.00U0O
.Oouoo

.Ou

1*.OUOOO
.ObSbO
!!90.03

Y1.000oo
.Oolal

213*1.6*

5* . 0 0 0 0 0
. 0 0 0 1 1

. 0 0

lQ . 0 0 0 0 0
.Ouooo

.00

9*.OUOOO
. 0 0 0 0 0

. 0 0

It+.uoooo
.IJ4200
9J2.?7

Sb.UOOOO
.001*9

2b&tJS.88

56.UOOOO
.00000

. 0 0

1 6 . 0 0 0 0 0
. 0 0 0 0 0

. 0 0

9b.tJOOOO
.LOOOO

. 0 0

le.000oa
.172b3!

I*W.12

3a.noooc
.00118

33ae*.  ot

5 0 . 0 0 0 0 [
. 0 0 0 0 1

.Oc

? 8 . 0 0 0 0 0
● OOOOC

.Oc

Vs1.000oo
.Ooooc

.Oc

Io.000oo
.lb~OO
22J.01

12.OUOOO
.099Ba
JCIO.bZ

JO.00000
.001!14

Ilz?*.b*

3z.OLIOOO
.0023J

1 ? 1 2 5 . 8 7

5 0 . 0 0 0 0 0
.00U23

. 0 0

S2.00000
.0001b

. 0 0

1 0 . 0 0 0 0 0
. 0 0 0 0 1

. 0 0

7Z.OUOOO
. 0 0 0 0 0

. 0 0

90.00U0O

.Ooouu
.00

9 2 . 0 0 0 0 0
. 0 0 0 0 0

. Ou

Psu o .fJ !ifcil

lNC : 4 .nnn
Hlh : So.000
HAL : 200.0L40

$11[  COOROINATl\  x.v,Z

NOTE:NO  tab/esm@regeneratedforPSV

-152.*55 5b.  000 .Uoo

lb.00000
. 7 2 1 9 1
155.15

5 6 . 0 0 0 0 0
.0U7*I

5Jln.rlI

9b.fIOOOO
.0U09b

. 0 0

69J.509 lb9.15*

.noooo
I.rluooo

.Oc

6P.00000
.027blJ

174Q.Z7

ar.ouooo
.nozo~

~01190bl

1 2 0 . 0 0 0 0 0
.00031

. 0 0

Ibt .cooon
.rooo*

. 0 0

Q . 0 0 0 0 0
.91bE1

1 6 . 5 9

ee.oonuo
.0)t39b

?090.*0

Lle.000uo
.uulr9

?23bb.12

1 2 * . 0 0 0 0 0
.000.J9

.LO

lt4.nowr
.OUOU*

. Uo

0 . 0 0 0 0 0
.b~Olll

J9.bq

*8.UOOOO
.o1311

3018.70

ba.noouo
.001bl

2*C129.0-

12e.oc/ooo
. 0 0 0 ? 1

. 0 0

lb8.LOOOO
.Uoouz

. 0 0

1 2 . 0 0 0 0 0
.JEJSb
a3.lrJ

20.000UO
.IQSIJ9
2-9.52

bO.00000
.00b09

bS*9.52

Ioo.000uo
. 0 0 0 8 2

. Ou

Iuo.000oo
. 0 0 0 1 0

. 0 0

lAJ0.0000U
. 0 0 0 0 1

. 0 0

24.OCIOOO
.IoJIJ
Jbl.99

6*.OUOOO

2 s . 0 0 0 0 0
.0b922
558.10

b8.OUOOO
.00J96

loo12.3#

1 0 0 . 0 0 0 0 0
. 0 0 0 5 s

. 0 0

]ae.000oo
. 0 0 0 0 9

. 0 0

1 8 8 . 0 0 0 0 0
. 0 0 0 0 1

. 0 0

3 2 . 0 0 0 0 0
. ( 1 5 2 0 8
#@a.ls

3b.0000C
.0322$

12Z0.08

lb.0000G
. 0 0 2 5  ?

15771.bC

llb.0000G
.000Q  I

.Oc

lSb.00000
.00006

.Oc
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.0[
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. O 1 O 9 U

Jb51.  Z~

72.CIOOOO
.U031 1

lz581.bl
.00093

8 0 9 0 . 8 s

9 2 . 0 0 0 0 0
. 0 0 1 2 5

319 CJ2.  Q6

1 0 * . 0 0 0 0 0
. 0 0 0 7 3

. Ou

Il?.uoooo
.UOO*S

. 0 0

JZ. UOOOO 13b.OUOOO
. 0 0 0 1 6 .OUOI*

.00 .00
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B.1.O SEMI-MARKOV PROGRAM INPUT\OUTPUT

Input to the MARKOV program is listed in Tables 1 through 8

and in Tables B-1 through B-5. Partial output is shown in
Figure B-1.

B-1



’11
tlz

’13

t’21

’22
’23

’31
tsz
t22

TABLE B-1
DISTRIBUTION OF HOLDING TIMES FOR SEMIDI AND PCK

(PART 1) GAPS

Holding Time (Years)

0.25 0.5 0.75 1.0
Fractile Fractile Fractile Fractile

115 322
2! !: 127 345
69 98 138 368

92 132 178 472
100 144 190 506
108 155 201 541

127 173 207 552
138 189 230 575
150 196 253 598



’11
tlz

’13

tzl

’22
t23

’31
tjz
’33

TABLE B-2
DISTRIBUTION OF HOLDING TIMES

(PART 2) GAP

Holding Time (Years)

0.25 0.50

FOR PCK

0.75 1.0
Fractile Fractile Fractile Fractile

107 143 400
E 114 157 429
86 122 172 458

114 164 222 586
124
134

179
193

236
250

629
672

157 215 257 687
172 229 286 715
186 243 315 744



’11
tlz

’ 1 3

tzl

’22
’23

’31
tqz
’33

TABLE B-3
DISTRIBUTION OF HOLDING TIMES FOR PCK

(PART 3) GAP

Holding Time (Years)

0.25 0.50 0.75
Fractile Fractile Fractile

88 131 175
96 140 193

105 149 210

140 201 271
152 219 289
165 236 306

193 263 315
210 280 350
228 298 385

1.0
Fractile

490
525
560

718
770
823

840
875
910



tll

’ 1 2
tls

’21
t22
’23

tsl

’32
t33

TABLE B-4
DISTRIBUTION OF HOLDING TIMES FOR YAKATAGA GAP

Holding Time (Years)

0.25 0.50 0.75 1.0
Fractile Fractile Fractile Fractile

19 28 37 104
30 41 111

% 31 44 118

57 152
:; :2 62 163
35 50 65 174

41 56 67 178
44 183
48 :; :; 192



tll

t12
t13

’21
tzz
’23

tsl

’32
t33

TABLE B-5
DISTRIBUTION OF HOLDING TIMES FOR YAKUTAT GAP

Holding Time (Years)

0.25 0.50 0.75 1.0
Fractile Fractile Fractile Fractile

116 308
:: :: 124 330
71 101 131 353

83 113 135 360
90 120 150 375
98 128 165 390



Fig. B-1 - Partial MARKOV Printed Output (for the
Shumagin Gap source only)

SIHI-RARKOW  MO CCL O F  EAR IHQUAK[ RCCUPRELJCE

R u N  OESCRIPTION  - N O A A  S E I S M I C  fxPOSURE  MAP  )

I N F O R M A T I O N  UHICH APPLICS TO ALL  ZONIS
- - - - - - - - -  .  .  .  .  .  .  .  .  .  .  - - - - - - - - -  - - - - - - - - - -

!ALIMEIIR  of zOWES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..o. 7
NuMBER  OF YCAFS  IN A uNIT  TIBIE  PCRIOO . . . . . . . . . . . . . . . . . 5.?C
PCRIOD OF IkTEREST  - YEARS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4C.:C

- T]Plf  PIP]COS  . . . . . . . . . . . . . . . . . . . . . P
Hixrnum NuMi3c  R O F  CA RTHc  UAKfs AL LOUCD  . . . . . . . . . . . . . . . . . R
❑ AGNITu DE [N  CR fMZNT  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50

Ruk  CC SC RI  PTION -  NOAA SfISMIC  [x PO  SUR[  MAP 1

Zohc  1 - SHLIt’IAGIt’d  SEG

INFOR~ATION UHICH A P P L I E S  T O  T H I S  Z O N E
- - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - -

NU14Br R OF  ST ATCS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
MAGNITUDE  O F  T H E  L A S T  LAh  GE EAR THQu#Kr  . . . . . . . . . . . . . . . . I..  ?c

MA G?i  IlU5[ RANGE  IKGEX . . . . . . . . . . . . . . . . 1
TIME  E L  A@Sf D SII’ACE L A S 1  LARGf  EAR THQu&Kr - YEARS .  .  .  .  .  . I?+.  CC

- TIME PC RIOOS  21

CL APSf  D TINE  ●  PERIOO O F  I N T E R E S T  -  Y[ARS . . . . . . . . . . . . . 14t*ic
- TIME PfRIOOS  . . . . . . 29

NUMBCR O F  P A R A M E T E R S  I N  THE SC  MI- UARFOV  mOOEL .  .  .  .  .  .  .  .  .  12
NUMBER OF SLGMCNTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

E A R T H Q U A K E  MA GNITUOCS

STATE  INDEx OISCRLTE  MA  GNITu  O[ MA GNITUCE  RANGE
.  .  .  .  .  .  .  .  .  .  .  - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - -

1 8 . 0 5 0 7 . 8 0 0  - e*300
2 8.55C 8 . 3 0 0  - 8.8?0
3 9.055 8. S.CO - 9.3?0



Fig. B-1 - Partial MARKOV Printed Output (for the

Shumagin  Gap source only) (continued)

61AY[sIAk  ~STIH~~lON  O F  RoDEL  PAkA~CT[KS

PbRAMCTER  1  -  M l

NU?IBCR O F  DATA POINTS = 6
O A T A  vALUES -

7.B90 7.9C0 b.2,C 7.6L0 9.2.a 8 . 1 0 0

P RI OR  FRACTILES
0 . 2 5  FkACTILE
- - - - - - - -  - - - - -

8 . 3 0 0

R E S U L T S  O F  C O M B

09J[CTIVE  OATA
P R I O R  0 4 1 A
P o S T E R I O R

ARE -
5.50  FRACIILF C.75 FRACTILE 1.CJ FRACTILE
- - - - - - - - - - - - -  - - - - - - - - - - - - -  - - - - - - - - - - - - -

B.5or e.7co 9 . 3 0 0

hlNG OJTA At4D  P R I O R S  ARE A S  FOLLOUS

SAMPLC DtG. O F M[AN V A R I A N C E F O U R T H
S12[ N  FRLIoOM

PARAMETfR
(xBA@l ISIGSQR1 MOMCNT S  SQUARE

-- .  .  .  .  .  .  .  .  .  .  .  - - - - - - -  - - - - - - - -  - - - - - - .  - - - - - - -  -

6 . 0 5.G - 2 . 2 1 6 4.13J 4.13>
5 . 0 4.C -.4>2 . 2 9 8 . 5 9 2 . 1 2 4

11.5 111,~ -1.416 4 . 0 4 1 2 . 9 6 3

P4RAMETCR 2 -  ~2

NuMBCR O F  OA T A  P O I N T S  = 4
O A 7 A  VALU[S -

0.4[0 8.3C0 9.150 8.*00

PRIOR FRACTILCS  ARC -
0 . 2 5  FRACTILE 6.59 FRhCTILE @.75  FR4CTJLE 1.C: FRACTILE
.  .  ..-.-. - - - - -  - - - - - - - -  .  .  .  .  .  - - - - - - - -  - - - - -  - - - - - - - -  - - - - -

8 . 3 0 0 8.50U e.7co 9 . 3 0 0

R[SUL7S  O F  COMBINIhG O A T A  AND P R I O R S  ARE  A S  FOLLOtiS

SJMPLC DEG. O F MEAN VARIANC[ F O U R T H P&RAwFTfR
S12E h FREEDOM (k8A~) {SIGSOR) M!lMfNl S  SQUARE
- - - - - -  . -  .  .  ..- - - - - - - -  - - - - - - - -  .  .  .  .  .  .  - - - - - - - -  -

02J[CTIV[  D A T A 4 . 0 3 * C -.31  3 .iel . 1 8 1
OP1OR  oAIA 5.0 4.? -.4~.2 . 2 9 8 . 5 9 2 .12*
POSTCRIOR 9.C u . : -.4:3 . 1 9 6 . 1 3 2

PARA8LTER 3  -  R3

Nu~BCR  O F  OA T A  POINTS =
0A7A v A L u E S  -

8.2L0 ,9.700

P R I O R  FRAC71LfS ARE  -
0 . ? 5  FRSCTILE :.5C FRACTILC *.75 FRACTILC 1 . 0 0  FRACTILE
- - - - - - - -  - - - - -  .  .  .  .  .  .  .  .  .  .  .  .  .  - - - - - - - -  - - - - -  - - - - - - - -  - - - - -

8.300 8.50, .J.7C0 9.3no

RrSULTS O F  C O M B I N I N G  D A 7 A  ANo P R I O R S  ARC A S  FOLLOUS

5AMPL[ OCG. O F M[AN V A R I A N C E f0uR7H P A R A M E T E R
S I Z E  N FRCfOOM (xBA@) [SIGSQR) MOMENT S  S12UARC
- - - - - -  - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - -  .  .  .  .  .  .  .  .  .

OeJECTIVE  O A T A 2 . 0 I*C - . 5 1 1
PRIOR  D A T A 5 0 0 4 . 0 -.452
POSTFRIOR 7 . 0 6 . 0 -.469

P A R A M E T E R  + -  1 1 1

NUM@C@  O f  DATA  P O I N T S  = 4
DAIA VALUCS  -

2.JCG 3.GCO l*OLO 1.000

PRIOR FRACTILES  ARE -

0 . 2 5  FRACTILE C.5C FRACTILE C.75 FRACTILC
. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . - - - - - - - - - - -  .  .

50.000 75.007 1 0 ’ . 0 0 0

.32q . 3 2 9

. 2 9 8 . 5 9 2 .124

. 2 3 7 . 1 3 8

1.05 FR4C71LE
.  - - - - - - - - - - - -

280 .000

R E S U L T S  O F  C O M B I N I N G  O A T A  AND PRIORS ARE AS FOLLOUS

SAMPLE OCG.  OF M c A N VAR14NCC FOURTH PARANETER
SIZE  N  FRfEGOt4 (XBARI ISIGSOR) ?10F4ENT S  S Q U A R E
- - - - - -  - - - - - - - - - - - - - - - - - - - - - -  .  .  .  .  .  . - - - - - - - - -

09JECTlV~ D A T A 4.0 3.C .448 . 2 9 5 . 2 9 5
P R I O R  OATA 5.C 4 * G 4.23R . 5 1 2 1.46* . 2 1 3
P o S T C R 1 O R 9*G 8.(I 2.553 6 . 2 3 2 4.207



Fig. B-1 - Partial MARKOV Printed Output (for the
Shumagin  Gap source only) (continued)

PA RAM  CICR 5  -  1 1 2

NUM?[17  O F  D A T A  PO]NTS  = 1
DATA VALUf S -

31.90[

P R I O R  FSACTILZS  AQE -
0 . 2 5  FRACTILf u.5iJ FRACTILf 2,75 FRAC TILE 1.OC FRACTILE
- - - - - - - -  .  - - - - -  - - - - - - - -  - - - - -  - - - - - - - -  - - - - -  - - - - - - - -  - - - -

55. OC!! R:. co[ 1 1 ” . 0 [ 0 3CC . 0 0 0

RC$ULTS 0/ CO HBItJIMG  DAli  Ak3 P R I O R S  ARE A S  FOLLOUS

SAMPL[ 0[6. o f M[AN V A R I A N C E F O U R T H PA RAMFTER
Slzr N FRi E2d M (x BALI (S1ii SQRl MoItf NT S  SQUARC
- - - - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - -

OUJCCTIV[ OA T A 1 . 0 ● t 3.*?* .fJ@G .fJofJ
PR1O? D A T A 5 * O 4.$ 4.33:
POSTIRIOR

.476 1 . 1 6 6 . 1 9 8
6.0 5.5 4.1,4 .57C . 2 9 3

PAQAMCTER 6 - 113

NuM<fR O F  D A T A  POINTS = 1
D6TA VILJIS  -

6.J:G

PRlo9 FRbcT]LEs  #R[ -
C,25 F@4CT1L[ 0.51 FRACTILF 0 . 7 5  FRA:TILE 1.0: fRAtTILF
- - - - - - - -  .  - - - -  - - - - - - - -  .  ..-. - - - - - - - -  - - - - -  - - - - - - - -  - - - - -

63.30U 65.:Ju 1 2 . . 0 0 0 32:.90C

R[SULTS O F  C O M B I N I N G  DATA  ANO  PRIORS  A R E  A S  FOLLOMS

SA4PL[ CfG.  ~F mr~k VARIAt4Cf

SIZE  k

FnuK’714 PAR&MFIcR
FR[[20M lxBA~) (S13SUQ) M!JM[tAT S  SOUAFIE

- - - - - -  .  .  .  .  .  .  .  - - - - - - -  - - - - - - - -  - - - - - -  - - - - - - - -  -

03JECTIVE OAIA 1 . 0 .J 1.7J2 ..~lli

PRIOU S,iTA 5 * C
.r,on

*.: ● .4-I
POSTIR1OR

.*46 . 9 5 4 .186
b.J 5.’2 3.9~3 2.52~ 1.301

PARA14[TER  7  -  1 2 1

t,UMaLR CF D A T A  P o I N T S  =
O A T A  v A L U E S  -

1.LCCI 1.5G0

2

P R I O R  FfiACT]LES  AR[  -
c.25 FRACTILf c.5J FR$CTILE 2 . 7 5  FRACT!LC 1.02 FRACTILC
- - - - - - - -  .  .  .  .  .  .  .  .  .  .  .  .  .  - - - - -  .  .  .  .  .  .  .  .  .  .  .  .  .  - - - - - - - -  - - - - -

8 0 . 0 0 0 115.002 155.oG13 4 1 ( , . 0 0 0

R E S U L T S  O F  COMBIhlNG  D A T A  AND P R I O R S  ARE AS F!)LLOUS

SAMPL[ OEG. O F M E A N VARIANCi FOURTH PARAM[T[R
s I Z E  k FREIOOn IxBA?) (SIGSQR) ~OMENT S  S12UARC
- - - - - -  .  - - - - - -  - - - - - - - - - - - - - - -  - - - - - -  -......-  -

O@JCCTIVf  0A7A 2 . 0 1 . 0 .O.b . 0 0 0 . 0 0 0
PRIOR OATA 5.0 *.C 4.6q4 .a4J 1 0 C 1 6 .104
POSTfalOR 7.3 6 . : 3 * 3 5 3 9 . 2 0 4 5 . 3 6 9

MJWPER  O F  D A T A  POINTS =
D A T A VALUES  -

1.GJO

1

P R I O R  FRACTILES  A R E  -
0 . 2 5  FRACTILE 0.5: FRACTILE 5.75 FRACIILE 1.C2 FRACTILE
- - - - - - - - -  - - - -  - - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - - -  - - - -

8 7 . 0 0 0 1 2 5 . 9 0 0 1 6 5 . 0 0 0 44C.00U

R E S U L T S  O F  C O M B I N I N G  OATA A N O  PRIORS ARC A S  FOLLOUS

SAMPLE DCG. O F R[AN v A R I A N C E F O U R T H P A R A M E T E R
SIZC N  F R E E D O M IXBA*) tSIGSORl MOMENT S  S Q U A R E
.-..-. .  .  .  .  .  .  .  - - - - - - -  - - - - - - - -  --.---  .  .  .  .  .  .  .  .  .

OC’JfCTIVE  OA T A 1 . 0 .L .0 n . 0 0 0 . 0 0 0
PPIOR OA T A 5.3 *OC 4.77: . 4 3 1 . 9 9 2
POSTCRIOR 6 . 0 5 . 0 3 . 9 7 5

● 18?
7.655 3 . 9 3 7



Fig. B-1 - Partial MARKOV Printed Output (for the
Shumagin  Gap source only) (continued)

PA RA@t TER 9  -  T 2 3

NUMBER O F  DhTA PoINTS =
D A T A  VALU[S -

19. (ICC

P R I O R  FRACTILES  ARE -
G.25 FKACTILC 0.5? FRACTIL[ C.75 FRACTIL[ I.OF FRACTILE
.  .  .  .  .  .  .  .  .  .  - - -  - - - - - - - - - - - - -  - - - - - - - - - - - - -  - - - - - - - - - -  - - -

94.00J 135.00U 1 7 5 . 0 0 0 47@.000

FICSULTS  O F  C O M B I N I N G  D A T A  A N D  PRl(3RS AMC  A S  F O L L O W S

SAMPLC OEG. O F M E A N V AR IA N C E F O U R T H PARAM[TEH
Sl?f N  FR[[DOM (XBAl) (SIGSQR) M O M E N T S  S Q U A R E
- - - - - -  .  .  .  .  .  .  .  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - -  -

03JCCTIVE DA T A 1*C .  ,. 2.9116 .nfJc .000
P R I O R  D A T A 5 . 0 ~.c 6.8$1
POSTIRIOR

.$23 .972 . 1 7 6
b.o 5 * C +.sis 1.44? .741

PARAMETEP  10  -  T31

NUM5[R O F  DA T A  P O I N T S  :
DATA  V4LU[S  -

1.JC.O I.Coo

P R I O R  FRACTILCS ARE  -
0 . 2 5  fRbtTILE 0 . 5 0  FRACTILC 0.75 FRACTILC 1.OC FRACTILE
.  - - - - - - -  - - - - -  - - - - - - - -  - - - - -  - - - - - - - -  - - - - -  - - - - - - - -  - - - - -

110.000 150.00J 16..JL3 4BL.00C

R E S U L T S  O F  COMbINIMG OAIA AND PRIL,RS A R E  A S  FOLLOUS

SAMPLE OEG.  OF MEAN VARIANCE F O U R T H FARA~ETCR
S I Z E  N FRICDO* (XBA-1 (SIGSQRI MOMINT S  SQUARE
..--.. .  .  .  .  .  .  .  - - - - - - -  - - - - - - - -  - - - - - -  - - - - - - - - -

G3JECT1VC  DATA 2 . 0 1.U
PRIoQ E!ATA

● 3.5 .Jou .nqc
5.3 4.9 4.9!3 .316 . 5 4 . 2 . 1 3 1

POST! kIOR 7 . 0 6 . ’ . 3.5!b 1:.163 5 . 9 2 9

PAFfAMETCP 1 1  -  1 3 2

kuMECR  O F  D A T A  P O I N T S  =

P R I O R  FRACTILES  ARE  -

0 . ? 5  FRACTILE 0.5G FRACTIL[ C.75 FRACIILE 1.00 FRACTILE
.  .  .  .  .  .  .  .  - - - - -  - - - - - - - - - - -  - -  - - - - - - - - - -  - - -  - - - - - - - - -  - - - -

120.o11o 16G.O(IC 2C.OGOO S:c.cbo

R E S U L T S  O F  C O M B I N I N G  D A T A  A N D  PRIORS ARE A S  FOLLOUS

SAPPLE DEG. O F MEAN V A R I A N C E fOuRTH PARAWETCR
S12[ N FRIEDOM (xBAQ) (SIGS9R) MOMCNT S  SOIJARF
------ . . . . . . . . . . . . . . . - -  .  .  .  .  .  - - - - - - - - - - - - - - -

ObJECTIVE  O A T A . 0 .3 .C.c ● sot .Ooc
P R 1 O R  LTATA 5.9 **3 5.C*4 . 2 9 6 .438

P O S T E R I O R

. 1 2 3

5 . 0 4*C 5.34* . 2 9 6 . 1 2 3

PARAME7ER 1 2  -  1 3 3

NUWBER  O F  D A T A  P O I N T S  = [

P R I O R  FRACTILES ARE  -

0 . 2 5  FRACTILE 3.50 FRACTILE C.75 FRA:TILE l.oJ FRACTILC
- - - - - - - - - - - - -  - - - - - - - - - - - - -  - - - - - - - - - - - - -  - - - - - - - - -  - - - -

13L.00G 170*OC3 22”.o@@ 52r.oGcl

R E S U L T S  O F  CORBIN114G  D A T A  A N O  P R I O R S  ARE A S  FOLLOUS

SAMPLE DEG. o f nEAN V A R I A N C E F O U R T H P A R A M E T E R
S I Z E  N  F R E E D O M {xBAu) tSIGSOR) MOMENT S  SOUARC
.  .  - - - - - - - - - - -  .  .  .  .  .  .  .  - - - - - - - -  - - - - - - .  .  .  .  - - - -  .

O13JECTIVE O A T A . 0 .3 .2 J .~~o .909
P R I O R  O A T A 5 . 0 4.2 ?.1L6 . 2 7 8 . 3 6 1 . 1 1 6
P O S T E R I O R 5 . 0 4.D 5.126 . 2 7 8 . 1 1 6



Fig. B-1 - Partial MARKOV Printed Output (for the

Shumagin  Gap source only) (continued)

P R O B A B I L I S T I C  C A L C U L A T I O N S  I N  THC  SC MI- ML RKOV  MODEL
- - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - - - -  - - -

PtI,JI.PROdaPILITY TH AT  THC NLAT [ARTHQUAKC AFTER
ONC  O F  MAGNITUDL 1  MILL BZ  Ok[ O F  MAG%lTuOE J

P(l,l): .78Fa08b P11*21=  . 1 4 2 2 2 8 8 P(I,3)= .G088827

~12,1)=  . 2 8 6 6 2 6 3 P(2*2)= .56763:6 P(2*31: *1*570C1

P(3,1): .35L*83Q P(3,2)= .5143812 P(3*3)= . 1 3 3 1 3 5 4

H{I,J,H)=PROSABILIT V  T H A T  THE TIME BE7uEEN  E~aTHQuAKfs
M a g n i t U d eS  I ANO J,  RE$P[CT]VcLY, MILL 8[ caUAL  T O 5.[0  ● M (* OR - 2 . 5 0  YCARS)

?+(1$1,
Wll,l.
)+11,1,
H{lQ1*
)+[1,1,
HI1*l*
Hll,ls
H(l*I,
H(l,l,
H(l,l,
H(l,ls
H{l,l,
H{l*l*
W(l,l,
H(I*l*
H(l,l,
U{l,l*
!+(l.l,
H1l,I,
H(l,l,
H(l,ls
HI1?ls
Hfl,l,
Hfl,l,
H(l,l*
H(l,l,
H(ltls
H(I*l*
H{l,l,

H4.2*1*
H{2,1*
H(2,1*
Wf2*l*
H{2*I,
H12,1,
H(2,1*
Hf2*l*
H I , ? * I *
H12,1,

1).
.2)=

3)=
4)=

5)=
6)=

7)=
8)=
9)=

lC)=
11)=
12)=
13)=
1-):

15)=
lb)=
17)=
18):

19>=
2!)=
21)=
22)=
23)=
24)=
75)=

26)=
27)=

28)=
29)=

1)=
,2),
3),
4)=

5).
61:
7)=

B)=
91=

l.)=

● 4 1 7 3 1 3 5
.G784056
.G51qB21
.?382544
.G29.B8C5
.02*27D1
. 0 2 0 2 7 9 9
. 0 1 7 2 8 8 6
.i71498b4
.01316b5
.C116922
.31iJ47B.
.0;96629
.?:8603+
.0:7LJ678

. 0 2 7 2 3 2 1

.0 J6* 781

. 0 ? 6 1 9 1 6

. 0 S 5 7 6 1 7

.GC53794

.C35P376

. 0 0 4 7 3 0 5

.9344533

.0C42022

.0L39736

.J537655

.0;357+?

. 0 3 3 3 9 ? 4
•o~37367

. 3 3 7 3 1 1 1

.@5~9112

. 0 4 1 2 7 7 6

.331~255

.J2;279b

. 0 2 1 ’  6 $ 3

.:l~.35b

.:150773

.:15:5:7

.ili575:

H(l.2,  1)=  . 0 1 7 4 7 0 5
H[I,2,  2)= . 9 2 2 3 2 7 3
HII,2, 31= .03G5135
HI:,?, 4)= . 0 3 7 5 6 2 S
H(1?2! 5)= .043!134
H11,2s 6)= .046677%
H(1,2, 7)=  .G4e6111
H11,2,  a  I= .049:287
H(1,2, 9)= . 0 4 6 2 3 1 2
Hi),?,  10)=  .94653S9
H(1,2,  ]1)=  .04Q2157
H(1,2,  12)= . 0 * 1 5 2 7 8
H(1,20  13)= .03B6565
H(1,2.  14)= .C35744.
H(1,2, 15)= .032@87~
H ( 1 0 2 ,  16)=  .03C153:
H(i,2,  17)= .0275794
HII,2,  18)= .0251B7:
H11,2,  19)= . 0 2 . 2 9 8 4 3
H(1,2,  2JI=  . 3 2 0 9 6 9 :
H(1,2, 21)=  . 9 1 9 1 3 4 3
H{l,2t  22I= . 0 1 7 4 6 9 7

H ( 1 0 2 ,  23J= . 0 1 5 9 6 2 9
H(1,2,  24)= .51461111
1+(1.2.  25)= . 0 1 3 3 7 1 2
H(1,2, 26)= . 5 1 2 2 6 9 5
H(1,2,  27)= .01125B3
H(1,2, 29)= .3123527
t+(l,2*  29)= .0:9534
11(2120 1)= . 2 5 5 1 1 4 1
H(2,2* 2)= .C5622F3~
H(2,2, 3)=  ,G+C6F3C2
H(2?2! 4)=  .!?319b4b
H{2Q2, 51= .C26312m
Iil.’o2, 61= .:22327Q
)+(?.2. 71=  .GJ9?59!
HI:.?, 5)= ● 0 1 7 ? 5 9 7
F[2*2* 9)= .r15225
H(<,2, 1:)= .t137267

H(1,30
I’I(l*I!
H11,3*
H(1,30
M(1,39
H11,3.
H(1*3+
H(1,3,
H{1,3s
H(1,3,
H11,3,
H(1,3?
H(1*3Q
H11*3*
H(lo~!
H(1,3Q
H(1Q3+
H(103,
H(1,3c
H11,3,
Hfl,3*
!4(1,3*
H(1Q3,
H(143*
H(1*3.
H(1,3s
H11*3,
H(1*3*
H(1*3*
H(2c30
H(2*3,
H{?,T,
H(2.5,
H(2,3,
*(2,3,
H(2.3,
W12,3Q
M12*3*
H(.?,3,

1): .1354420

2}= .065354B
3)= .05545i19
4)= .047P219

51= .?417395

6)= .!)367862
7)= .03268BC
81= . 0 2 9 2 5 ? 3
9)= .C263451

10)=  .9238538

11)= .C 217068
12)= .0198+12
131= .L18?[93
14)=  .C167733

15)= . 0 1 5 5 0 2 6
161= .01*:727
17)= . 0 1 3 3 6 3 2
18)= .L124576
19)= .Cllb419
2CI= .01 C9?*5
21)= . 0 1 0 2 3 5 7

22)= . 0 0 9 6 2 7 1
23)= .;C9C718
2*)= .~C85635

25)= ● 008C972
26)= . 3 0 7 6 6 8 3
27)= .007?72P
29)= .GOb9:74
29)= ● C06E69:

1)= .17453456
2) = .032QT:5

3}= .lS?Q*’2
4)= .:330h:,:

5)= .:339;77
5}=  .?324::7
7)= .f3312EQn
B)= .@2q9:7>

9)= .L2855?b
lu)=  .:271529



Fig. B-1 - Partial MARKOV  Printed Output (for the
Shumagin  Gap source only) (continued)

H12 ,1,
H{2?1$
H[ 2,1*
11(2,1*
H( 2 * 1 *
H12*1*
I’112*1*
H ( 2 , 1 o
H{? *1,
H{ 2 , 1 ,
H12,1s
H12 *1*
H(2*1O
H(2s1,
H( 2 , 1 *
H42 $1!
H( 2,1*
1 4 ( 2 * 1 *
H( 2,1,
H{3!19
H(3,1s
M13*1)
HI3,1o
H13*1,
Ii(?, $lc
H( 3*1*
H( 3*1!
Hf3,10
H( 3,1*
H( 3*1*
)’4 {3,1,
1+(3,1*
H[ 3,1,
~( 3*1*
H( 3 * 1 *
H( 3,1,
!+ (3.;,
H( 3,1,
!+( 3,1,
H(3*1,
H{ 3,1,
H( 3 * 1 *
H( 3,1,
H( 3,1,
H( 3,1.
H13,1o
H(3,1s
H(3,1t

11)=

12)=
13)=
14)=
15)=
16)=
17)=
1s)=
10):

,2;),

21)=
22)=

23?=
24}=

25)=
26)=
27)=

2 8 ) :
29)=

1)=
2)=
31=
4)=
5)=
6)=

7)=

.9)=
9)=

10)=
11)=
121=
13)=
14)=
1s)=
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Fig, B-1 - Partial MARKOV  Printed Output (for the
Shumagin Gap source only) (continued)
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Fig, B-1 - Partial MARKOV Printed Output (for the
Shumagin  Gap source only) (continued)
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Fig. B-1 - Partial MARKOV Printed Output (for the
Shumagin Gap source only) (continued)
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Fig. B-1 - Partial MARKOV Printed Output (for the
Shumagin  Gap source only) (continued)
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Fig. B-1 - Partial MARKOV Printed Output (for the
Shumagin  Gap source only) (continued)
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Fig, B-1 - Partial MARKOV Printed Output (for the
Shumagin Gap source only) (continued)
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Fig. B-2 - Disk Output from MARKOV

1.
:)

?.
4
‘., .
L..
7.

11
Id.
1’. .
14.
1:, ,

14)
1,~.

Itl
11?,

:>[  , .
.-)  ~ .

;>:?

2.{ .
2 4 .
:*,
:.,  ‘+  ,
2/,
:?tl
‘w
.+()
. 31 .
.V.J
.53.
34.
3s
.W.
-</.
m .

.59.
4(J.
4’I
4.’.
45.
4 4 .
w.,
4/, .
4/.
48,
4’?
:ti)  .

+{> ()()1 1)00+ >1%>1>(>
3

{)w.d,  //l9 .  t) J ) /t476 1)1’Jf,l  . 3 7 5

4{) . 8>(>1 , WhX)(Mi(X)

. lx) lM.3G?

. Oclowlilo

. 1jtjix&y4

.(>{6C,:,[,44

st.l;m R I 1

.  {’)W,.41 2:$  . W/lx):;%

. CXXJCJ(.4<1 . CXIMJ(.JO.3

9. IM4.JW  1



APPENDIX C

C.1.o

C.2.O

C.3.O

C.4.O

C.5.O

C.6.O

C.7.O

ASSESSMENT OF INPUTS FOR THE SEMI-MARKOV MODEL

Table of Contents

SELECT ZONES FOR APPLYING THE
SEMI-MARKOV  MODEL

DEFINE STATES AND UNIT TIME

ASSESS TRANSITION PROBABILITIES

ASSESS PROBABILITY DISTRIBUTION OF
HOLDING TIME

COMPILE AVAILABLE HISTORICAL SEISMICITY

DATA

DEFINE INIITAL SEISMICITY CONDITIONS

OF EACH ZONE

DISCUSSION

c-1

c-1

c-2

c-3

c-3

c-3

c-4



APPENDIX C

ASSESSMENT OF INPUTS FOR THE SEMI-MARKOV MODEL

The inputs necessary for using a semi-Markov model can be

obtained in the following steps:

1. Select the zone for applying the semi-Markov model.

2. Define states and unit time.

3. Assess transition probabilities.

4. Assess probability distributions of holding times.

5. Compile available historical seismicity data.

6. Define initial seismicity conditions for the zone.

These steps were followed by the SRU participants in their

development of the seismicity and geology inputs to the

initial application of the SEISMIC.EXPOSURE software package

to the Gulf of Alaska study region. A brief description of

each step follows. Volume II of the project documentation

discusses in detail the process of implementation of the

software.

C.1.O SELECT ZONES FOR APPLYING THE SEMI-MARKOV  MODEL

Zones are selected primarily on the basis of spatial patterns

identified through historical seismicity of the study area.

For example, seismic gaps recognized in the literature may be

the zones of interest selected for the study. Each zone
should be capable of generating large earthquakes as defined

by the user.

C.2.O DEFINE STATES AND UNIT TIME

Intervals of earthquake magnitude are used to define discrete

states of a semi-Markov process. The width of each interval
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should be constant. The width should be selected such that no

more than four states are defined in the magnitude range of

interest. Values in the range of 0.2 to 0.5 may be reasonable

for a given interval width.

A unit time selected for the model should be small enough so

that the probability of two or more transitions (occurrences)

of large earthquakes in unit time is negligible and large

enough so that only a limited number of transitions need to be

analyzed during a selected period of interest. Typical

choices of unit time are 2 to 8 years.

Because the upper range of holding times between great

earthquakes may be 200 years or more, historical seismicity

data of about 80 to 100 years are generally inadequate to

provide reasonable estimates of the parameters of a semi-

Markov model. A Bayesian procedure, therefore, is utilized in

the MARKOV program to combine historical seismicity data and

expert judgments.

The mathematical theory for doing this is described by

Patwardhan and others (1980). Steps 3 and 4 involve the

assessment of expert judgments in the form of subjective

probability distributions. Step 5 describes the analysis of
historical seismicity data.

C.3.O ASSESS TRANSITION PROBABILITIES

A transition probability, Pijj, is the likelihood that the

magnitude of the next large earthquake will be Mj 9iven an
earthquake of magnitude Mi at the present time. To obtain

pil~ the continuous probability distribution of the magnitude

of the earthquake following an earthquake of magnitude Mi is

first assessed. This continuous distribution is then divided

into discrete intervals defined by the states. The program
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MARKOV requires four fractiles (0.25, 0.50, 0.75, and 1.0) of

the earthquake magnitude following an earthquake of magnitude

Mi for each i within each zone.

C.4.O ASSESS PROBABILITY DISTRIBUTION OF HOLDING TIME

The probability distribution tij (m) specifies the probability
that the holding time between two successive earthquakes of

magnitude in state i (Mi) and state ](MI) , respectively, is m

units of time. A continuous probability distribution of the

holding time is assessed. Within the program, the continuous

distribution is subdivided into discrete intervals at selected

time increments to obtain tij (m). The program MARKOV
requires the four fractiles (0.25, 0.5, 0.75, and 1.0) of the

holding time between Mi and Mj for each i and j within each
zone.

C.5.O COMPILE AVAILABLE HISTORICAL SEISMICITY DATA

The date and magnitude of large earthquakes that occurred in

each of the zones are tabulated available records of

historical seismicity. This information is then analyzed to

obtain all the instances in which an earthquake of magnitude

Mj followed an earthquake of magnitude Mi. The data are

finally summarized in two tables: one showing the magnitudes

of earthquakes that follow an earthquake of magnitude Mi for
each i and the other showing the holding time in years between

successive earthquakes of magnitude Mi and Mj.

C.6.O DEFINE INITIAL SEISMICITY CONDITIONS OF EACH ZONE

The magnitude of the last large earthquake (Mo) in a Zone and
the time elapsed since then (to) define the initial seismicity

conditions of the zone. The historical seismicity data in

Section 5.0 are used to estimate Mo and to.
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C.7. O DISCUSSION

The steps required to prepare input data for a semi-Markov

characterization of large and great earthquakes have been

outlined. The essence of the semi-Markov model as implemented

in the MARKOV program is that it provides occurrence

probabilities of various magnitude earthquakes that are based

on an interplay between what has been seen historically to

occur in a region, the perception by experts of that record,

and how it might relate to projections of future seismicity.

Hence, the development of the priors on the magnitude

transitions and holding times requires consistent checking for

internal consistency.
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